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ABSTRACT 

This document c o n s t i t u t e s  a por t ion  of the  f i n a l  r epor t  under con t r ac t  
NAS 1-6971, Orbi t ing  Experiment f o r  study of Extended Weightlessness, f o r  the 
Langley Research Center, National Aeronautics and Space Administration, 
Hampton, Vi rg in ia .  The following 6 documents comprise the  t o t a l  repor t :  

NASA CR-66507 Volume I Summary 

NASA CR-66508 Volume 11 System Defini t fon 

NASA CR-66509 Volume I11 Spacecraf t  Preliminary Design 

NASA CR-66510 Volume IV Laboratory T e s t  Model 

NASA CR-66511 Volume V Program Plans 

NASA CR-66512 Volume V I  Orbi t ing Primate Spacecraf t  
Applicat ions 

This r epor t  summarizes the  r e s u l t s  of a d e f i n i t i o n  study of a spacecraf t  
system t o  support  two p r i m a t e s  i n  unattended, weight less ,  e a r t h - o r b i t a l  f l i g h t  
f o r  extended per iods of  time. The experiment i s  planned as p a r t  of the Apollo 
Applications Program; the  spacecraf t  launched a s  a LEM s u b s t i t u t e  on an AAP 
f l i g h t ;  the  primates recovered by Astronaut EVA on a l a t e r  f l i g h t  and returned 
t o  e a r t h  i n  r e t r i e v a l  c a n i s t e r s  wi th in  the  Command Module. Intensive post-  
f l i g h t  examination is  planned t o  a s c e r t a i n  even s u b t l e  physiological  changes 
i n  the  primates due t o  their extended exposure t o  weightlessness.  The study 
includes d e f i n i t i o n  of mission p r o f i l e  and Apollo Applications Program i n t e r -  
faces ,  preliminary design of  the  spacecraf t ,  and planning f o r  subsequent 
phases of the  program. 
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INTRODUCTION 

The design goa l  of t h e  Orbi t ing  Primate Spacecraf t  is  t o  achieve an o p t i -  
mum balance between r e l i a b i l i t y ,  performance, compat ib i l i ty  wi th  the  SAA 
mission and hardware c o n s t r a i n t s  and cos t .  
t h i s  goa l  was the maximum u t i l i z a t i o n  of proven techniques and equipment con- 
s i s t e n t  with the  demands of the  above cri teria.  The la t te r  served a s  cons tan t  
gu ide l ines  t o  the study and design e f f o r t  which r e s u l t e d  i n  the spacec ra f t  
conf igura t ion  and hardware design of t h e  subsystems set f o r t h  i n  t h i s  document. 
The a l t e r n a t e  cons idera t ions  and r a t i o n a l e  a s soc ia t ed  wi th  s e l e c t i o n  of t he  
design approach, described below under Subsystems, a r e  contained i n  the  t r ade  
s tud ie s ,  which a re  presented  i n  document NSL 67-309, "Orbiting Experiment 
f o r  Study of Extended Weightlessness, Subsystem Trade Studies". (ref. 6 )  

An important f a c t o r  i n  achieving 

A l i s t  of these t r ade  s t u d i e s  follows i n  t a b l e  1. 

The approach f o r  systematizing t h e  analyses required i n  each o f  the sub- 
system areas  i s  r e f l e c t e d  i n  the general  formatting used i n  each t r a d e  study. 
I n  summary t h i s  was a s  fo€lows: 

(I) Requirements and c o n s t r a i n t s  

(a) Problem statement 

(b) I d e n t i f i c a t i o n  of requirements/constraints and t h e i r  sources 

(c) Quan t i t a t ive  desc r ip t ion  of requirements and c o n s t r a i n t s  

(2) Alterna te  approaches 

(a) I d e n t i f i c a t i o n  of f e a s i b l e  approaches t o  s o l u t i o n  of problem 

(b) Description of s i g n i f i c a n t  c h a r a c t e r i s t i c s  and parameters of each 
approach 

(3) Comparison of approaches 

(a) Comparison of a l t e r n a t e  approaches on the b a s i s  of performance, 
r e l i a b i l i t y ,  a v a i l a b i l i t y ,  c o s t s  and any o the r  da t a  pe r t inen t  t o  
comparative analyses.  

( 4 )  Selected approach 

(a) Description of s e l ec t ed  approach 

(b) Rationale f o r  s e l e c t i o n  



TABLE 1. - SUBSYSTEM TRADE STUDIES 

dr3 . 2.1.1 
3.2.1.2 

3.2.1.4 

3.2.2.1 

3.2.2.2 

3.2.2.3 

3.2.2.4 

3.2.2.5 
3.2.3.1 

3.2.3.2 

3.2.4 

3.2.5.1 

3.2.6.1 

3.2.6.2 

3.2.6.3 

3.2.6.4 

3.2.6.5 
3.2.6.6 

3.2.6.7 

3.2.7.1 

3.2.7.2 

3.2.7.5 

3.2.7.6 

3.2.8 
3.2.9.1 

3.2.9.2 

3.2.9.4 

3.2.9.5 
3.2.9.6 

3.2.9.7 
3.2.10 

Orbiting Primate Spacecraft Tracking Network Optimization 

Launch Phase Data Transmission 

Data Handling 

Television Mechanization 

Monkey Motion Monitor 

Biotelemetry Receiving Equipment 

Remote versus Centralized Signal Conditioning 
Radiation Dosimeter Instrumentation 

Centralized versus Remote Control 

Data Encoding 

Power Subsystem 

Spacecraft Checkout 
Atmosphere Supply 

Atmosphere Control 

Humidity and Temperature Control 

Carbon Dioxide Control 
Contaminant Control 

ECS Thermal Management 

Waste Management 
Food Supply and Dispenser 

Waterer 
Animal Cage 

Recovery Capsule 

Thermal Control Subsystem 

Structure, General Arrangement 

Construction 
Primate Recovery Capsule Stowage in CM During Re-entry 

Orbiting Primate Spacecraft Separation Concepts 

Deployment Devices (Solar Panel) 

Mass Measurement 

Attitude Control 

*Refers to numbering system used in reference 6. 
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REQUIREMENTS 

The requirements inf luencing the configurat ion of the spacecraf t  o the r  than 
the de t a i l ed  ones a f f e c t i n g  the var ious subsystems, a r e  s e t  f o r t h  below. 

(1) Provide an o rb i t i ng  vehic le  accommodating two unrestrained primates 
f o r  the purpose of studying the behavioral  and physiological  e f f e c t s  of extend- 
ed weight lessness .  

(2) Provide f o r  compat ibi l i ty  between the  spacecraf t  and the  Apollo system, 
and the  SAA missions.  

(3) Provide f o r  s e l f - su f f i c i ency  f o r  a mission period of s i x  months t o  
one yea r  with the l a t t e r  the design goal .  

(4) Provide f o r  recovery of the  primates from o r b i t  by EVA as p a r t  of an 
Apollo SAA mission not ing t h a t  the  primates and container  a r e  t o  be stowed i n  
the  CM f o r  r e tu rn  t o  ea r th .  

(5) Provide f o r  acqu i s i t i on  of primate behavioral  and physiological  da ta  
throughout the  mission. 

(6) Provide pro tec t ion  from rad ia t ion  and meteoroid p a r t i c l e s .  

(7) Considerations f o r  adaptat ion of the spacecraf t  a s  pa r t  of a r o t a t i n g  
system f o r  appl ica t ion  of a r t i f i c i a l  g rav i ty  forces .  

DESCRIPTION 

The Orbi t ing Primate Spacecraf t ,  described herein,  represents  a funct ion-  
a l l y  in tegra ted  u n i t  designed f o r  use i n  the  SAA program as an LEM companion 
o r  LEM s u b s t i t u t e  payload on manned o r  unmanned vehic les  with a s e l f  sus t a in -  
ing c a p a b i l i t y  of s ix  months t o  one year .  

Orbi t ing Primate Spacecraf t  Configuration 

The func t iona l  c h a r a c t e r i s t i c s ,  and in t e r r e l a t ionsh ips  between the  var ious 
elements of the  spacecraf t ,  and between the  spacecraf t  and i t s  i n t e r f a c e s  with 
the  launch vehic le ,  e s t a b l i s h  both the ex te rna l  and i n t e r n a l  configurat ions.  
Figures  1 and 2 and drawings 148-40001, and 148-10000, descr ibe the  configura- 
t i o n s  f o r  both the  stowed and i n  o r b i t  modes. The Master End Item Specif ica-  
t i o n  Breakdown is  shown i n  f igure  3 .  

External  confipurat ion.  - External ly  the  spacecraf t  i s  a r i g h t  c i r c u l a r  
c y l i n d r i c a l  upper sec t ion  joined t o  an octagonal lower sec t ion .  
c a l  element i s  welded and contains  the  pressurized volume. 
of the  cy l inder  form one removable u n i t ,  f lange mounted a t  a sea led  j o i n t  t o  

The c y l i n d r i -  
The s i d e s  and top 
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Docking collar 

Life cell 
access panel 

Data antenna 
(2 places) 

Environmenta I 
control unit 

'7 Behaviora I pane I \ - Feeder e-. Solar panels 

1 
Waste management / 
unit 

Total pressure regulator 

'Water tank 
Nitrogen tank (2 places) 

Command & 

Figure 2. - Spacecraft configuration in deployed position 

the  bulkhead t o  form the bottom of the c y l i n d r i c a l  s ec t ion  of the  spacecraf t .  
The octagonal lower sec t ion  i s  unpressurized and contains  most of the  subsystem 
equipment. The f l a t  panels forming the s ides  of the  octagonal s t r u c t u r e  serves  
a s  bases and hea t  s inks  f o r  e l ec t ron ic  equipment mounted to i n t e r i o r  surfaces .  
A 20 by 20 inch sea l ab le  door provides access t o  the  pressurized a rea  f o r  
i n s e r t i n g  the primate o r  maintenance of the  l i f e  c e l l .  
panels backed with thermal in su la t ion  a r e  a t tached t o  the  e x t e r n a l  s t r u c t u r a l  
s t r i n g e r s .  I n  addi t ion ,  the  thermal con t ro l  subsystem r a d i a t o r  i s  mounted t o  
the  ex te rna l  v e r t i c a l  s t r i n g e r  and covers an a rea  of the  c y l i n d r i c a l  s ec t ion  
approximately eleven inches i n  width and extends completely around the  circum- 
ference; thereby supplementing the  meteoroid sh i e ld ing  and in su la t ion  i n  t h i s  
region. 

Meteoroid sh i e ld ing  

Four tubular  t r u s s  assemblies a re  u t i l i z e d  t o  mount the  spacecraf t  t o  the  

These a t t a c h  po in t s  a r e  separated pyrotechnical ly  following docking 
ATM, LMSS o r  o ther  appropriate  s t r u c t u r e s  i n  the  SLA area  of the  Apollo Launch 
Vehicle. 
of the  spacecraf t  and command module. 
located on the  upper bulkhead of the  spacecraf t ,  conta ins  an LEM type drogue 
which engages with the  command module probe during the  docking operat ions.  
The primate recovery capsule i s  a l s o  mounted on the  upper bulkhead t o  f a c i l i -  
t a t e  removal during extra vehicu lar  a c t i v i t i e s ,  
can be e a s i l y  reached by the  astronaut  s tanding i n  an open hatch i n  the  command 

To f a c i l i t a t e  docking, a docking c o l l a r ,  

I n  t h i s  pos i t ion ,  the  capsule 
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module. I n  addi t ion ,  a v i s u a l  docking a i d  f o r  use during the  docking maneuver 
and the  spacecraf t  s t a t u s  monitoring panel a r e  v i s i b l e  on the  upper bulkhead 
from the  command module window. Within the  . spacecraf t ,  the  upper bulkhead and 
adjoining area of the  c y l i n d r i c a l  s ec t ion  provide mountings f o r  t he  a t t i t u d e  
con t ro l  subsystem tankage, valves ,  plumbing, and t h r u s t e r s  a s  w e l l  as the  gyro 
module and e l e c t r o n i c  subassembly. 

Five f lush-mounted t e l e v i s i o n  antennas, four  mounted 90" apart  around the 
periphery and one of which is  mounted on the  top bulkhead are located on the  
top sec t ion  of the  spacecraf t .  A boom mounted and deployable communications 
antenna i s  a l s o  located on the upper  bulkhead. 
t ioned t o  e l iminate  any in t e r f e rence  between the  s-pacecraft and the  command 
module during docking.. I n  addition-, a t e l e v i s i o n  antenna and a communications 
antenna a r e  mounted a t  the  bottom end of the  spacecraf t .  

The deployed antenna i s  posi-  

The octagonal shaped end of the spacecraf t  mounts the  four  paddles which 
form the  s o l a r  array.  
the  bottom spacecraf t  sur face  i n  the  stowed pos i t i on  with t h e i r  shape conform- 
ing with the  octagonal o u t l i n e  of the bulkhead t o  f a c i l i t a t e  stowage. 
dep ic t s  the  s o l a r  a r ray  i n  the  deployed condi t ion with the  ac t ive  a rea  facing 
away from the  spacecraf t .  

A s  shown i n  f i g u r e  1, the  a r r ay  panels fo ld  over aga ins t  

Figure 2 

I n t e r n a l  confipurat ion.  - Two major i n t e r n a l  a reas  comprise t h e  i n t e r i o r  
of the  spacecraf t  a s  shown i n  f igure  2: the  pressurized volume wi th in  the 
c y l i n d r i c a l  s ec t ion  and the  unpressurized octagonal s ec t ion  below which con- 
t a i n s  most of the  support  subsystems. 

The pressurized por t ion  of the  spacecraf t  contains  two l i f e  c e l l s  t o  
accommodate the  primates. The two l i f e  c e l l s  a r e  located s i d e  by s ide  with 
approximately one inch of space between them t o  permit i n s t a l l a t i o n  of the  
s t r u c t u r a l  t ens ion  members and t o  separa te  the l i f e  ce l l  s o c i a l  windows t o  
minimize physical  contac t  between pr imates .  
mounted t o  the  bottom bulkhead of the pressure vesse l .  The major equipment 
a t tached ex te rna l ly  t o  the  l i f e  c e l l s  include: t e l e v i s i o n  cameras, waste 
management assemblies a t  the  bottom, feeders ,  waterers  and mass measurement 
devices.  
sur ized  sec t ion  and in t e r f aces  d i r e c t l y  with the  waste management assembly. 
The loca t ion  of environmental con t ro l  equipment i s  predicated upon : minimizing 
the  number of openings f o r  conduits,  a i r  l i nes ,  connectors, e t c . ,  from the 
unpressurized lower sec t ion  i n t o  the pressure v e s s e l ;  providing a pressurized 
environment whenever hardware performance and r e l i a b i l i t y  is  enhanced i n  a 
pressurized environment; and providing r e q u i s i t e  proximity between equipments 
where func t iona l  and physical  i n t e r r e l a t i o n s  so d i c t a t e .  A s  mentioned e a r l i e r ,  
the  ex te rna l ly  mounted recovery capsules on the  upper bulkhead open i n t o  the 
top of the l i f e  c e l l s .  

The l i f e  c e l l s  a r e  

The environmental con t ro l  equipment is a l s o  mounted within the pres- 

Another considerat ion inf luencing the  loca t ion  of equipment i n  the pressure 
ves se l  was the  d e s i r a b i l i t y  of minimizing the equipment mounted on the p res su re  
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vessel wal ls .  Since the  pressure v e s s e l  design p e r m i t s  removal of  the upper 
sec t ion ,  w a l l  mounted equipment requir ing e l e c t r i c a l  o r  f l u i d  connections o r  
disconnections a s  p a r t  of the removal i s  incompatible with the design concept 
and mounting holes ,  access doors, and so forth,would compromise the  i n t e g r i t y  
of  the  pressure  vesse l .  

U t i l i z i n g  these  cr i ter ia  as guidel ines ,  only the  following major u n i t s  of 
environmental c o n t r o l  equipment were located i n  the  pressurized area:  a i r  
f i l t e r s ,  condensers, primary, and secondary fans,  and a c a t a l y t i c  burner. 

E lec t ron ic  subsystems elements as w e l l  as the expendables o the r  than food, 
which are s tored  i n  the  Feeder, are located i n  the  unpressurized, lower octag- 
onal  s ec t ion  of the  spacecraf t .  
i n  t h i s  a r ea  cons i s t s  pr imari ly  of :  n i t rogen  and oxygen cryogenic s torage  
tanks, h e a t  exchanger between primary and secondary thermal loops, coolant  
pump, accumulator, con t ro l  module, gas analyzer,  and l i th ium hydroxide. The 
loca t ion  o f  the  l i th ium hydroxide u n i t  is a l s o  inf luenced by i t s  need f o r  a 
thermal input  which can b e s t  be obtained through the  spacecraf t  sur face  fac ing  
the  sun. Therefore, the lower end of the l i th ium hydroxide conta iner  forms 
p a r t  of t he  s o l a r  or ien ted ,  bottom sur face  of the  spacecraf t .  

The environmental con t ro l  equipment located 

The expendable items i n  the  environmental con t ro l  and the  spacecraf t  water 
are d i s t r i b u t e d  i n  the  spacecraf t  i n  such a manner t h a t  the  weight and.balance 
are optimized during the  period of consumption. The loca t ion  of these i t e m s  
are shown i n  f igu re  2 and drawing number 148-10000. 

The var ious  equipments a r e  segregated func t iona l ly  where f e a s i b l e  with 
considerat ion given t o  thermal c h a r a c t e r i s t i c s ,  access and main ta inabi l i ty .  
Thus, the  hea t  d i s s i p a t i n g  elements of the  continuously operat ing power 
subsystem a re  mounted on the e x t e r i o r  f l a t  panels of the  octagonal s ec t ion  
and serve a s  heat  s inks  r ad ia t ing  the  hea t  i n t o  space. Conversely, equip- 
ment which funct ions b e t t e r  when it is warm i s  mounted t o  the  warmer sur faces .  
The panels, upon which equipment is mounted, a r e  designed t o  swing out  t o  
improve acce ss i b  i li t y  and main ta inabi l i ty  , 

Subsys tem Summary 

The subsystems which comprise the spacecraf t  have been broken down i n t o  
the  following func t iona l  areas:  

(1) Life  Support 
(2) Thermal Control 
(3) St ruc tu re  and Mechanical 
( 4 )  Instrumentation 
(5) Telemetry 
(6) Command and Control 
(7) E l e c t r i c  Power and Cabling 
( 8 )  Att i tude  Control 
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Detai led desc r ip t ions  of these subsystems a r e  presented i n  the  succeeding 
sect ions;  however a s e r i e s  of t a b l e s  a r e  f i r s t  presented t o  provide an over- 
view and i n s i g h t  i n t o  the  funct ions and i n t e r r e l a t i o n s h i p s  of the  subsystems. 
An o v e r a l l  block diagram ind ica t ing  the  var ious r e l a t i o n s  between subsystems 
i s  shown i n  f i g u r e  4. 

Li fe  suDport. - The l i f e  support  subsystem in t e r f aces  d i r e c t l y  wi th  
the primates, and i n  doing so performs the  funct ions l i s t e d  and summarized i n  
t a b l e  2. 

Therinal con t ro l  subsystem. - The thermal con t ro l  subsystem con t ro l s  the  
temperature f o r  spacecraf t  equipment e i t h e r  d i r e c t l y  o r  through a heat s ink  
i n t o  which the  l i f e  support  environmental con t ro l  equipment can r e j e c t  heat .  
The var ious funct ions and mechanisms of the  thermal con t ro l  subsystem a r e  
summarized i n  t a b l e  3 .  

St ruc tu res  and mechanical subsystem. - The S t ruc tu re  and Mechanical Sub- 
system provides the  physical  support and pro tec t ion  f o r  all the  spacecraf t  
equipment and suppl ies  t he  s p e c i a l  mechanizations required by the  o the r  sub- 
systems. Table 4 summarizes the  funct ions of the  s t r u c t u r e  and Mechanical 
Sub system. 

Instrumentat ion subsystem. - The Instrumentat ion Subsystem funct ions and 
corresponding mechanizations a r e  summarized i n  t a b l e  5. 

Telemetry subsystem. - The Telemetry Subsystem processes and t ransmi ts  
the  d a t a  from the  spacecraf t  and provides the  RF l i n k  between the  spacecraf t  
and the  ground. Its funct ions and mechanizations a r e  summarized i n  t a b l e  6.  

Command and con t ro l  subsystem. - The Command and Control  Subsystem pro- 
vides preprogrammed timing and sequencing which can be modified by ground 
commands t ransmit ted upl ink on a 2106.4 MHz c a r r i e r .  Functions and major 
mechanization of the  Command and Control  Subsystem a r e  summarized i n  t a b l e  7. 

E l e c t r i c  power and cabl ing  subsystem. - The e l e c t r i c  poxer and cabl ing  
subsystem generates ,  regula tes  condi t io&, and d i s t r i b u t e s  a l l  of the  e l e c t r i c  
power required by the  spacecraf t  subsystem. 
t h e i r  mechanizations a r e  summarized i n  t a b l e  8. 

These var ious funct ions and 

At t i t ude  con t ro l  subsystem. - The a t t i t u d e  con t ro l  subsystem maintains 
spacecraf t  o r i e n t a t i o n  and angular r a t e s  w i th in  the  prescribed l i m i t s .  The 
de ta i l ed  funct ions and corresponding major mechanizations are summarized i n  
t a b l e  9. 

Subsystem I n t e r r e l a t i o n s h i p s  

The d i r e c t  i n t e rac t ions  and interdependency of t he  var ious spacecraf t  
subsystems and the  primate a r e  summarized i n  t a b l e  10. 
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TABJAE 7. .. COMMAND AND CONTROL SUBSYSTEM SUMMARY 

Function 

Command v e r i f i c a t i o n  

Spacecraft timing 
and control 

Mechanization 

Command decoder 

Programmer and sequencer 

Remarks 

Ver i f i e s  that commands 
are val id  

Standard Apollo coding 

Combination of centralized 
and remote control 

Program changes in i t ia ted  
by uplink commands 
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Weight Summary 

are presented i n  t a b l e  11. Reflected i n  the  l i s t e d  weights are redundancies 
included i n  c e r t a i n  subsystems t o  increase  r e l i a b i l i t y  of  gases,  e tc .  Equip- 
ment desc r ip t ion  l is ts  148-10001 of r e fe rence  8,  provide d e t a i l  component weights. 
The est imated allowable payload weight f o r  an SAA manned launch i s  8,800 pounds, 
however, f o r  an unmanned launch t h i s  weight is 36,000 pounds. 

The t o t a l  spacec ra f t  weight and the  est imated ind iv idua l  subsystem weights 

SUBSYSTEMS 

t i o n s  se l ec t ed  from the  r e s u l t s  of var ious  analyses  and t r ade  s t u d i e s  under- 
taken i n  the  course of t h i s  e f f o r t .  A s  such these  subsystems r e f l e c t  p resent ly  
known requirements and c o n s t r a i n t s ,  and are i n  s u f f i c i e n t  depth t o  assure  
f e a s i b i l i t y  and an advanced s t a r t i n g  point  design i n  t h e  subsequent phase of 
t he  program. 

The subsystem descr ibed i n  t h e  following s e c t i o n s  represent  the configura- 

TABLE 11. - WEIGHT SUMMARY 

Sub sy s t em 

L i f e  support  

Environmental con t ro l  and gas s torage  
Waste management 
L i f e  ce l l s  
Feeders 
Waterer and s torage  
Recovery capsules  

Thermal con t ro l  

S t ruc tu re  and mechanical 

Instrumentat ion 

Te l e m e  t r y  

Command and con t ro l  

E l e c t r i c  power and cabl ing  

At t i tude  con t ro l  

TOTAL 

Weight 

Ob)  * 
965 

92 
3 20 
3 40 
700 
105 

170 

1209 

159 

2 04 

30 

5 10 

82 

4886 
- 

(lb)** 

984 
92 

320 
3 40 
700 
105 

176 

1511 

159 

292 

30 

527 

150 

53 86 
- 

Wedundancy not  included; l i m i t  pressure safe ty  f a c t o r  of I 

*Includes c r i t i c a l  component redundancy and l i m i t  pressure  
s t r u c t u r a l  s a fe ty  f a c t o r  of 2 

..5 

Li fe  Support 

The p r i m a r y  requirement of L i f e  Support i s  t o  provide an environment t h a t  
w i l l  support and s u s t a i n  two unrestrained,  unattended p r i m a t e s  f o r  a period of 
one year.  To s a t i s f y  t h i s  requirement, t he  L i f e  Support subsystem must pro- 
vide t h e  following func t iona l  elements: l i f e  c e l l ,  feeder ,  waterer, behavioral  
panel,  environmental control /waste  management and recovery capsule.  The func- 
t i o n a l  r e l a t ionsh ip  of t hese  elements i s  schematically i l l u s t r a t e d  i n  f igu re  5 .  
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L i f e  cell .  - The l i f e  c e l l  i s  the  c e n t r a l  element of t he  L i f e  Support 
Subsystem and serves  as an enclosure and l i v ing  area f o r  t he  primate. 
provide adequate l i v i n g  area f o r  the  pr imate ,  t h e  suggested dimensions of t h e  
l i f e  c e l l  are 36 inches high, 30 inches wide and 40 inches long, with an 
enclosed voLume of 25 cubic  f e e t .  The l i f e  cel l  i n t e r i o r  sur faces  must be 
designed t o  minimize in t e r f e rences  wi th  television-viewing and i n h i b i t  t h e  
monkey from grasping t h e  c e i l i n g  o r  o r i en t ing  himself t o  t h e  c e i l i n g .  The 
f l o o r  must provide footholds  f o r  t he  monkey and present  a minimum obs tac le  t o  
t h e  passage of primate waste products. 
o r  f a s t e n e r s  t h a t  are access ib l e  f o r  removal by the  primate. The i n t e r i o r  
must have a minimum of p ro jec t ions  o r  obs tac les  which might c o l l e c t  waste 
products,  

To 

The cage must conta in  no components 

The cage materials must resist scra tch ing  and chewing by t h e  monkeys, and 
chemical a t t a c k  from f r e s h  or  decomposing food, feces ,  and ur ine.  

The cage should be i l luminated wi th  an i n t e n s i t y  of 25-foot-candles f o r  
four teen  hours per  day, with a spectrum approximately t h a t  of sunl ight .  
ing t h e  ten-hour dark period, t h e  l i g h t  i n t e n s i t y  should be 0.01 t o  0.10 foo t -  
candle.  Provis ion should be made to  reprogram the  l i g h t  source t o  change 
either the  length of t he  l i g h t  period o r  dark period. The cages should p e r m i t  
s o c i a l  i n t e r a c t i o n  between monkeys t o  the  ex ten t  of f i nge r  or  t oe  touching. 
Some form of exe rc i se  may be des i r ab le  t o  keep the  monkey i n  good physiological  
condi t ion,  and provis ion fo r  a monkey actuated exerc ise  device should be 
considered . 

Dur- 

L i f e  cel l  desc r ip t ion  and performance: The ex te rna l  conf igura t ion  of t he  
l i f e  ce l l  is represented i n  f i g u r e  6, External ly  removable hatches 20 inches 
by 20 inches are located i n  the  spacecraf t  pressure s h e l l  w a l l ,  and a 16 inch 
by 16 inch access  panel i s  located on the  s idewall  of each cage. These access  
openings w i l l  p e r m i t  i n s e r t i o n  of the  monkeys i n t o  the  l i f e  c e l l  cages la te  
i n  t h e  launch sequence without t he  necess i ty  of breaking t h e  recovery-capsule- 
to-spacecraf t i n t e r f a c e  seals. 

These panels  w i l l .  also provide access t o  t h e  in s ide  of t he  pressure s h e l l  
f o r  r e p a i r s  and adjustments while on the  launch pad. Two of t he  biotelemetry 
pickup antennas are located i n  these  cage access  panels ,  and the  t h i r d  antenna 
i s  i n  the  end of t h e  cage below the  mass measurement device.  

The l i f e  c e l l  cage, shown i n  f i g u r e  6 and drawing 148-11300 r e f .  8, i s  29.5 
inches wide and 36 inches high based on the  curved bottom radius  of 36 inches 
wi th  an overall diagonal length  of 67 inches. 
approximately 25 cubic  f e e t  of cage volume and a f l o o r  a r e a  of approximately 
13 square f e e t .  This f l o o r  area w i l l  provide a la rge  sur face  f o r  the  animal 
t o  g r i p  and o r i e n t  himself properly.  It a l s o  w i l l  provide a c ross  sec t iona l  
area la rge  enough so t h a t  any debr i s  buildup on the  g r i l l  ba r s  w i l l  not a f f e c t  
t he  a i r  flow normal t o  it .  

This conf igura t ion  provides 

The w a l l s  and c e i l i n g  of t he  cage a r e  smooth matt f in i shed ,  s t a i n l e s s  
s t e e l  panels with rounded edges and f i t t e d  corners  t o  minimize the  c o l l e c t i o n  
of deb r i s  and the  p o s s i b i l i t y  of i n ju ry  t o  t h e  animal, The g r i l l  f l oo r ,  
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moving w a l l ,  and s o c i a l  opening mesh, are constructed of s t a i n l e s s  steel tubes 
welded together  a t  each in t e r sec t ion .  

A one-inch space between t h e  two cages separa tes  the  two walls t o  provide 
space f o r  w a l l  reinforcements,  a pressure s h e l l  t i e  member and cabl ing runs.  
This one-inch cage spacing a l s o  serves  t o  separa te  t h e  s o c i a l  opening screens.  
The s e l e c t i o n  of one-half inch square g r i l l  openings enables  t h e  animals t o  
touch each o the r s  f i n g e r s  or  t o e s  but  prevents them from b i t i n g  each o ther  
through t h i s  s o c i a l  opening. 
are located near the spacecraf t  c e n t e r l i n e  t o  minimize t h e  e f f e c t  of animal 
movements on the  spacecraf t  a t t i t u d e .  Conversely, t h e  angular motion of t he  
spacecraf t  w i l l  have the  least e f f e c t  on t h e  animals with t h i s  conf igura t ion  
layout.  

Both the  s o c i a l  opening and the  a c t i v i t y  panels  

Welding, r i v e t i n g ,  and f a s t ene r s  unsuscept ible  t o  tampering by the monkey 
w i l l  be used throughout t h e  i n t e r i o r  cons t ruc t ion  of t h e  cage and capsule.  
Corrosion, erosion, and b i t e  and scratchproof materials and f in i shes ,  w i l l  be 
used on a11 sur faces  exposed t o  the  primates. Teflon, f o r  example, is  too 
s o f t  to be used on sur faces  exposed t o  the monkey bu t  is s u i t a b l e  f o r  o ther  
sur faces  where s p e c i a l  p ro t ec t ion  or  reduced f r i c t i o n  i s  des i red .  

The f l o o r  g r i l l  openings are three- four ths  inch wide which prevents  a 
monkey from reaching t h e  waste c o l l e c t o r  which Fs a t  least seven inches away 
from the  g r i l l .  The waste c o l l e c t o r  is  a passive system and i s  descr ibed i n  
f u r t h e r  d e t a i l  i n  succeeding sect ions.  Its loca t ion  a t  the bottom of the  l i f e  
ce l l  provides e f f i c i e n t  opera t ion  i n  both a g r a v i t a t i o n a l  f i e l d  and under 
weight less  condi t ions.  

The recovery capsule  and the  mass measurement devices  a r e  located a t  t h e  
end of t h e  cage opposi te  the  t e l e v i s i o n  camera. Th i s  arrangement enables the  
camera t o  view these  s t a t i o n s  wi th  e i t h e r  a wide angle  or a narrow angle  lens  
f o r  c lose  su rve i l l ance  of t h e  animal and the  mechanisms. 

As d e t a i l e d  i n  the  Trade S tudies  ( r e f .  6 ) ,  both l i f e  c e l l  cages a r e  located 
near t h e  top of t h e  spacecraf t  t o  provide expedient and s a f e  recovery opera- 
t i ons .  However, t h i s  cage arrangement makes i t  d i f f i c u l t  t o  mount t he  tele- 
v i s i o n  camera above the  cage. 
s ince  it would requi re  a la rge  mesh o r  g r i l l  c e i l i n g  f o r  viewing, and would 
g ive  the  animal something t o  grasp,  and thus o r i e n t  himself improperly. 
Further ,  wi th  the  t e l e v i s i o n  camera above t h e  cage, t h e  view of t h e  monkey 
and cage i s  genera l ly  degraded due t o  lens  angle l imi t a t ions ,  poor overhead 
view i f  the  primate is or ien ted  i n  t h e  des i r ab le  pos i t ions ,  and poor animal- 
to-background c o n t r a s t  with t h e  f l o o r  g r i l l  and waste c o l l e c t o r .  

I n  any event,  t h i s  wouid be a poor pos i t i on  

The moving w a l l  when i n  i t s  normal pos i t i on  a c t s  as one end of t he  cage 
as shown i n  f i g u r e  6 .  The w a l l  is  constructed of p a r a l l e l  ba r s  on 2-3/4 inch 
centers ,  running the  f u l l  l ength  of t h e  w a l l .  The lower ha l f  of the  w a l l  has 
3/16 inch diameter rods spaced on one-inch cen te r s  mounted t ransverse ly  t o  t h e  
bars .  The wide spacing of t he  upper ba r s  provides an exce l len t  view f o r  t he  
t e l e v i s i o n  system and minimua l i g h t  a t tenuat ion.  
through these openings, up t o  h i s  a r n p i t  ovax i l l a  bu t  cannot reach the t e l e v i s i o n  

The primate can reach 
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opening Which is I/ inches away. The lower por t ion  of t h e  moving wal l  is less 
than 17 inches from the  t e l e v i s i o n  lens  but i t s  3/4 inch g r i l l  openings p re -  
vent h i s  reaching f u l l  a r m  length.  

The moving w a l l  w a s  s e l ec t ed  a s  a pos i t i ve  means of i n se r t ing  a deceased 
or a l i v e  monkey in to  the  recovery capsule. However, it can perform o the r  
secondary funct ions i f  des i r ed ,  such as scraping l a rge  p ieces  of deb r i s  of f  
the g r i l l e d  cage f l o o r  and o f f  t he  walls. These secondary funct ions could be 
performed on a planned schedule based on labora tory  test experience,  or  they 
could be performed at  t h e  d i r e c t i o n  of ground command based on t e l e v i s i o n  
information. Actual movement of the  w a l l  can be accomplished i n  s t e p s  using 
t e l e v i s i o n  checks before  each s t e p ,  o r  i t  could be a slow steady motion from 
start  t o  f i n i s h .  
(50 v o l t s  a t  400 Hz; cur ren t  l imi t ed  t o  1.5 mil'liamps maximum) on the  moving 
wal l  t o  provide a shock stimulus t o  the  monkey f o r  t r a i n i n g  o r  con t ro l  purposes. 

Consideration has been given t o  imposing a vol tage  p o t e n t i a l  

The electromechanical ac tua tor  t o  d r i v e  the  moving w a l l  i s  shown located 
a t  the  upper pivot  a x i s  ou ts ide  the  cage. 
"sheep's foot"  r o l l e r  mounted a t  the  lower edge of t h e  w a l l  t h i s  r o l l e r  would 
d r i v e  the cage s i m i l a r  t o  a rack and pinion gea r  by meshing with the  f l o o r  
g r i l l  ba r s  and thus provide a cleaning e f f e c t  of the  f l o o r  openings a s  the  
r o l l e r ' s  t e e t h  meshed wi th  the  g r i l l .  

It may, however, be a powered 

Advanced development areas: Both t h e  electromechanical ac tua to r  and t h e  
sheep 's  foot  r o l l e r  concept have merit .  
most r e l i a b l e  components and systems, t he  following areas r e l a t e d  t o  t h e  
mwing w a l l  d r i v e  system should be inves t iga ted  and tes ted .  

But, i n  order  t o  s e l e c t  t h e  b e s t  and 

(1) Pivot  maunted a c t u a t o r  a s  shown i n  f i g u r e  6 o r  drawing number 
148-11300 (ref. 82. 

(2) Sheep's foo t  d r i v e  roller m u n t e d  a t  f l o o r  line t o  zove w a l l  and 
push debr i s  through f l o o r  g r i l l .  

To eva lua te  t h e  p ivot  mounted ac tua tor ,  a simple test should be set up 
using a curved bottom cage and possibly a simple hand-powered ac tua tor  t o  move 
t h e  w a l l .  Forces and power requi red  to  c u t  through hard and s o f t  feces  should 
be measured and t h e  scraping e f f e c t ,  smear and pi le-ups should be checked and 
photo recorded. 
r eac t ion  t o  the w a l l  should also be noted. The need o r  d e s i r a b i l i t y  of e l e c -  
t r i f y i n g  the w a l l  f o r  shock s t imulus can a l s o  be inves t iga ted  a t  t h i s  t i m e .  
Safe ty  devices  can be incorporated i n t o  t h e  ac tua to r  d r i v e  un i t  t o  l i m i t  the  
d r i v e  torque and prevent i n j u r y  t o  t h e  monkey should he get caught o r  pinched 
i n  these  tests. One such s a f e t y  device would be a sp r ing  loaded d r i v e  system 
which enables t h e  monkey to  over r ide  the w a l l  motion f o r  a few degrees. 
it could incorpora te  a load sensor  which would a u t o n a t i c a l l y  back the  ual l  o f f  
a few degrees and then proceed forward a g a h  a f t e r  sensing a minimum res i s t ance  
force. 

The tendencies  of t h e  w a l l  t o  pinch the  monkey, and h i s  

O r ,  

Another s a f e t y  device  could be in tegra ted  i n t o  t h e  w a l l  to  r e t u r n  i t  . -  - -  - 
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t o  the noma1 pos i t i on  and lock i t  the re  should the  e lectr ic  d r i v e  a c t u a t o r  
malfunction. I f  t h i s  should occur, t he  w a l l  wauld not i n t e r f e r e  wi th  the  nor- 
m a l  a c t i v i t i e s .  Of course,  the  w a l l  could not  be used t o  i n s e r t  the  monkey 
i n t o  the  capsule  i f  such a rnalfunction occurred. 

After  t he  p ivot  ac tua to r  tests have been completed, t h e  test  set-up should 
then  be modified t o  include t h e  "sheep's foot"  d r i v e  r o l l  and t h e  same func- 
t i o n s  t e s t e d  as before.  It may be necessary t o  en la rge  the  cage f l o o r  g r i l l  
length t o  give t h e  f u l l  angular movement t o  t h e  w a l l .  The e f f e c t  of t h i s  
l a rge r  f l o o r  g r i l l  extending t o  the  end of the  cage would be determined a t  
t h i s  t i m e .  With the  "sheep's foot" d r i v e  system, t h e  c o l l e c t i o n  of waste 
matter around t h e  r o l l e r  and again t h e  p o s s i b i l i t y  of catching the  monkey 
would be c a r e f u l l y  evaluated. 

The pos i t i on  of t h e  l i g h t s  f o r  uniform dayl ight  i l lumina t ion ,  good tele- 
v i s ion  viewing, minimum power, acceptable shadowing by g r i l l  ba r s  and l ens  
contamination should be determined i n  a simple test cage. 
a b l e  t o  tes t  severa l  l i g h t  lens ,  c leaning devices  or techniques. These 
devices  would include redundant f i x t u r e s  with a r e t r a c t a b l e  cover t o  prevent 
contamination when not i n  use and r o t a t i n g  drum lenses  t o  expose c l e a r  areas 
o r  scrape off  debr i s .  Other devices  t o  scrape o r  attempt t o  c l ean  t h e  lenses  
should a l s o  be+ inves t iga ted .  The need f o r  t hese  devices  o r  t h e  bes t  s e l ec t ion ,  
i f  needed, canhot be confirmed u n t i l  s u i t a b l e  tests have been conducted. 

It would be  d e s i r -  

During the  tests, it would a l s o  be d e s i r a b l e  t o  i n v e s t i g a t e  severa l  prom- 
i s i n g  methods of pro tec t ing  t h e  t e l e v i s i o n  l ens  from feces  and ur ine.  These 
techniques include a t ransparent  door, shown i n  f i g u r e  6 ,  a ro l l -up  p l a s t i c  
tape,  an a i r  c u r t a i n  (during t e l e v i s i o n  opera t ion) ,  and mechanical l ens  cover 
sur f  aces. 

I n  add i t ion  t o  the  moving w a l l  and i l lumina t ion  inves t iga t ions ,  tests need 
t o  be performed t o  a s c e r t a i n  atmosphere flow p a t t e r n s  wi th in  t h e  l i f e  ce l l .  
Cleaning the  l i f e  ce l l  i s  predicated upon t h e  proper flow of dry  a i r ,  and 
add i t iona l  information i s  needed on t h e  flow ve loc i ty ,  which determines t h e  
e f f e c t i v e  temperature f o r  a given dry bulb temperature, around the  primate. 

Data i s  a l s o  required on t h e  type of exe rc i se r  required t o  maintain t h e  
physiological  condi t ion of t h e  primate. One promising exe rc i se r  incorporates  
a swinging handle which i s  geared t o  a motor/generator a t  the  handle pivot .  
This d r i v e  u n i t  can be powered t o  r o t a t e  t h e  handle from i t s  s tored  p o s i t i o n  
p a r a l l e l  t o  sloped cage c e i l i n g ,  out through t h e  moving w a l l  g r i l l  t o  t h e  
des i red  opera t iona l  pos i t ion .  
handles as des i red  through a 30 inch s t roke .  The fo rce  required t o  push t h e  
handle can be  cont ro l led  from the  ground by r egu la t ion  of t he  gene ra to r ' s  
f i e l d  s t r eng th  o r  output power. 
t o r  i s  aga in  powered t o  act  as a motor and re t ract  t h e  handle t o  the s to red  
pos i t ion .  Should t h i s  device s t i c k  i n  any opera t ing  pos i t i on ,  it w i l l  not 
i n t e r f e r e  wi th  t h e  moving w a l l  opera t ion  as t h e  handles and a r m s  are designed 
t o  c l e a r  t h e  moving w a l l ' s  g r i l l  bars .  
is 'shown i n  f i g u r e  6 and drawing 148-11300 ( r e f .  8). The monkey p u l l s  t h i s  device 
s t r a i g h t  up from the  f loo r .  

From here  t h e  monkey can push or  p u l l  t h e  

When t h e  exe rc i se  t a s k  i s  f in i shed  t h e  genera- 

Another conf igura t ion  f o r  t h e  exerciser 

It a l s o  has  a 30 inch s t r o k e  and could inc lude  a 
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var i ab le  p u l l  o r  push fo rce  selection, 
employ mechanical spr ings  o r  pneumatics to cont ro l  t h e  force  and r e t r a c t  t h e  
handle a t  t h e  end of t he  task.  

This t i r e  pump type exerc ise  could 

The requirements and c o n s t r a i n t s  of t h e  exe rc i se r  should be s tudied i n  
d e t a i l  and tests performed t o  s e l e c t  t he  b e s t  configurat ion and locat ion.  

Preliminary equipment l i s t :  A l i s t  of major equipment i t e m s ,  o ther  than 
s t r u c t u r a l ,  are itemized i n  t a b l e  1 2 .  
and ava i l ab le ,  

The equipment evaluated is  developed 

TABLE 12. - LIFE CELL PRELIMINARY EQUIPMENT LIST 

I t e m  No. 

1 

2 

3 

Descript ion 

Geared motor 

Geared m t o r  

lndus tr ial  
gear reducer 

S ugq e s t ed 
manufacturer P a r t  No. 

Globe Indus- 102A190 - 10 
tries, Inc. 

Globe Indus- 
tries, Inc. 

Harmonic 'Drive 
Division, 
United Shoe 
Machine 
Corporation 

102A165- PO 

HDIE 40- 3.20- 1-GP 

!uant i ty  pel 
spacecraf t  

2 

Feeder. - The bas i c  animal n u t r i t i o n a l  requirements are furnished from a 
s torage  and dispensing device,  either as a reward f o r  a c t i v i t i e s  performed, o r  
ad l ibi tum. The a l t e r n a t i v e  methods of feeding the  animals include t h e  food 
formulation and consistency and mechanization concepts, Far instance,  the  
food could be l i qu id ,  s l u r r y ,  ge l ,  granular ,  o r  p e l l e t i z e d  forms, However, 
regard less  of t h e  form of the  food, t h e  primary objec t ives  include r e l i a b i l i t y ,  
prevention of contamination, and animal acceptance, 

With the  poss ib le  exception of gases, water o r  aqueous so lu t ions  are the  
Suspensions are next and the  s o l i d s  are 

I n  

easiest of commodities to dispense.  
t he  most d i f f i c u l t .  However, s torage  problems and n u t r i t i o n a l  values  are 
another s t o r y  and l i qu id  n u t r i e n t s  must be s tored  a t  lower temperatures. 
addi t ion ,  a t  present  t i m e ,  only dry n u t r i e n t  food has been proved acceptable .  
A g e l  food has p o s s i b i l i t i e s ,  bu t  here again the  n u t r i e n t  and preserva t ion  
p rope r t i e s  have not  been proved. 
to  pressure and temperature v a r i a t i o n s  must be explored fu r the r  before  consi- 
de ra t ion  can be given t o  such systems, 

The d i f f e r e n t  responses of g e l  type materials 

In view of t h e  above cons idera t ions ,  t he  feeder w a s  designed f o r  pe l l i -  
Nut r i tzonal ly ,  t he  animal €ood will be of a composition t e s t ed  t i z e d  food. 
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f o r  labora tory  maintenance of Rhesus colonies ,  such as CIBA Whole D i e t  Nu- 
t r i e n t  P e l l e t s .  On demand and per program, t h e  monkey w i l l  be fed 150 p e l l e t s  
per day. The p e l l e t s  must be enclosed a t . a l l  t i m e s  t o  prevent contamination. 
The de l ive ry  rate is on an  average of  one p e l l e t  per  two and one-half minutes. 
Upon i l lumina t ion  of  t he  s t imulus l i g h t ,  t h e  monkey w i l l  p lace  h i s  mouth over 
t he  mouthpiece and w i l l  r ece ive  a p e l l e t  a f t e r  one-half second. 
animal, 54,750 one-gram p e l l e t s ,  weighing 120 pounds must be loaded i n  the 
spacecraf t  i n  a s t e r i l i z e d  condi t ion.  
t i o n  are t h e  most important considerat ions.  
feeder  are summarized as follows: 

For each 

R e l i a b i l i t y  and freedom from contamina- 
The primary requirements of the  

(1) Operates i n  a one atmosphere and under 1 g condi t ions during t r a in -  
ing  and prelaunch condi t ions.  

(2) Operates i n  a one atmosphere under zero g condi t ions f o r  one year 
while  i n  o r b i t .  

(3) Dispenses p e l l e t s  d i r e c t l y  i n t o  t h e  animal 's  mouth i n  a manner 
acceptable  t o  the  animal. 

( 4 )  Impervious t o  jamming by w e t  o r  hardened feces ,  o r  food i n  de l ive ry  
nozzle .  

(5) Signals  the  p e l l e t  has been de l ivered  wi th in  0.01 second,. 

(6) Prevention of contamination of food from sources,  such as moisture, 
feces ,  ur ine,  o r  w e t  food i n  o r  on t h e  de l ive ry  nozzle.  

The prel iminary des ign  of t he  feeder  i s  shown i n  drawing 148-11400, 
f i g u r e  7 .  I n  t h i s  design,  the  p e l l e t s  are s tored  by encasing them i n  a con- 
t inuous,  drum wound, sealed tube.  The tube is closed by a zipper and opened 
by a th ree  p in  opening device which opens the  tube before  the tube e n t e r s  the  
capstan.  I n  the  f l a t  p a t t e r n ,  the  tube i s  re inforced  along both edges which 
e l imina tes  the  hazard of crosswise t ea r ing  while  t he  tube is being opened. 

To prevent unspooling, the  drum is  r e s t r a ined  by a spr ing  loaded brake. 
The braking force  is set t o  s l i g h t l y  exceed the  torque produced by the  s t i f f -  
ness  of the  p e l l e t  tube wi th  e i t h e r  a f u l l  o r  empty drum, whichever i s  
g rea t e r .  
va r i ab le  d i f f e rence .  
d i s k s ,  spr ing  loaded wi th  screw adjustment,  which w i l l  be wired i n  f i n a l  
p o s i t  ion.  

This  means t h a t  the  capstan pu l l ing  the tube must overcome t h i s  
The braking sur faces  are non-gall ing 7075-76 aluminum 

The loaded tube is  pul led  o f f  the  drum over a la rge  guided and shrouded 
pul ley .  Since p lac ing  t h i s  f i r s t  pu l l -of f  lead pul ley  f a r  enough from the 
drum t o  u t i l i z e  a s t a t i o n a r y  pul l -of f  i s  not  p r a c t i c a l ,  i t  i s  mounted on a 
swing block and s l i d e ,  and is motor-driven back and f o r t h  t o  a l i g n  the pul l -  
o f f  force  approximately normal t o  the  drum axis. The t o t a l  opera t ion  of t h i s  
s l i d e  involves t r a v e l i n g  back and f o r t h  a d i s t ance  of 28 inches,  14 t i m e s ,  
as the  drum r o t a t e s ,  and hence r e f l e c t s  a p o t e n t i a l l y  low wear-out f a c t o r .  
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The tube is  fed onto a hollow mandri l ,  pushing the  p e l l e t s  i n t o  the  
mandril and down t o  the  de l ive ry  mechanism. 
from the  tube and e n t e r  the  mandril,  the  tube i s  opened and f l a t t e n e d  i n t o  a 
tape which i s  then wound upon the  s to rage  reel. The prime mover i n  the  
system is a calendar type capstan wi th  the  two r o l l e r s  geared together  wi th  
maximum t r a c t i o n .  
of t he  tape t o  pass through while  maintaining f r i c t i o n  across  the  f u l l  width 
of t he  f l a t  tape.  

A s  t he  p e l l e t s  are ex t rac ted  

The r o l l e r s  are rubber-faced t o  allow the  th icker  edges 

The tube must be advanced one p e l l e t  a t  a t i m e .  The geared d r i v e  motor 
w i l l  opera te  the  capstan through a s l i p  coupling. 
i n t o  the  end of t he  mandril passage, i t s  presence ac tua te s  the  capstan switch 
t o  the  of f  pos i t ion .  
the  s l i p  coupling w i l l  a l low over - t rave l  without damaging the  p e l l e t  o r  
mechanism. 

A s  a p e l l e t  i s  shoved 

While the  motor i s  being dynamically braked t o  a s top ,  

The capstan p u l l s  the  tape which forces  the  p e l l e t  i n t o  one of four equal- 
l y  spaced notches i n  the  s t a r  t r a n s f e r  wheel. A s  t he  star wheel r o t a t e s ,  the  
r i m  of the  wheel takes  the  r e s idua l  load of the  caps tan ' s  indexing tension.  
A s l i g h t  ramp on the  edge of the  wheel makes t h i s  f e a s i b l e  without shaving 
material from the  p e l l e t .  The p r i n c i p a l  advantage of the  star t r a n s f e r  
wheel i s  t o  reduce the  load and abrasion of the  r a m  used t o  d r i v e  the  p e l l e t  
i n t o  the  mouthpiece, .thereby preventing both u r i n e  leakage around t h e  ram and 
plugging the  mouthpiece with feces.  

The star wheel i s  indexed by a Geneva lock wheel dr iven  by a geared motor. 
The Geneva wheel permits stopping the  motor without p rec i se  con t ro l  of motor 
t r a v e l  being necessary while accura te ly  pos i t ion ing  the  star wheel i n  readi -  
ness fo r  p e l l e t  de l ive ry .  

J u s t  before  t h e  star wheel r o t a t e s ,  the  r a m  is  r e t r a c t e d .  The star wheel 
then d e l i v e r s  a p e l l e t  i n  f r o n t  of the  r a m .  The r a m  pushes i t  i n t o  the  
p r ima te ' s  mouth and seals the  mouthpiece opening. 
smooth, wa te r - t i gh t  pro jec t ion  i n t o  the  l i v i n g  area t h a t  cannot be plugged 
or  dismantled,  thus reducing the  p o s s i b i l i t y  of contamination. 

The mouthpiece presents  a 

The demand system i s  comprised of a switch i n  the  mouthpiece, behavioral  
panel con t ro l  and r e l a t e d  e l ec t ron ic s .  A clock w i l l  a c t u a t e  the  food de l iv -  
e ry  s igna l s  t o  the  food mechanism about one-half second a f t e r  the  animal 
puts h i s  mouth over the  mouthpiece. 

Advance development areas: Due t o  i t s  importance i n  the  success of a 
mission and i t s  r e l a t i v e  uniqueness i n  terms of p r i o r  h i s t o r y ,  a feeder should 
be constructed and t e s t ed  e a r l y  i n  the  program. S i g n i f i c a n t  f a c t o r s  requi r -  
ing s p e c i a l  a t t e n t i o n  as p a r t  of development w i l l  be: 
between the  s l i p  c lu t ch ,  capstan motor, and p e l l e t  s i z e ;  adjustment w i l l  need 
t o  be provided; the  "current-on" t i m e  of t he  capstan motor as a func t ion  of 
a given p e l l e t  diameter;  mandril diameter opt imizat ion;  and the  character-  
i s t i c s  of the  rol led-up,  emptied tube; and the  method of using the  pr imate 's  
mouth over the  mouthpiece t o  a c t u a t e  the  feeder operat ion.  

the  r e l a t i o n s h i p  
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Preliminary equipment list: Major equipment i t e m s  required t o  mechanize 
t h e  preliminary des ign  of t h e  Feeder are l i s t e d  i n  t a b l e  13. Most of the  
components as noted are a l ready  developed and r e a d i l y  ava i l ab le .  

TABLE 13. - FEEDER PRELIMINARY EQUIPMENT LIST 

9 

I t e m  N o .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Des cr i p  t ion  

P lane tary  gear 
motor 

P lane tary  gear 
motor 

Torque motor 

Zipper tubing 

Cam r o l l  

Spur gear 

Spur gear 

Ex ter na 1 
tangent 
d r i v e  

Linear ba 11 
bearing 

Ratchet r i n g  
g=r 

Suggested 
manufacturer 

Globe I n d u s t r i e s  

Globe I n d u s t r i e s  

Inland Motor 
Company 

Zipper Tubing 
Company 

M c G i  11 Company 

Boston Gear 
Company 
Boston Gear 
Company 

Geneva Mot ions 
Corpora t i o n  

Thompson Indus- 
tries 

Boston Gear 
Company 

P a r t  No. 

10211190-9 

10211193- 11 

T4412 

Z t- 0500 

CF-5/8 

NA 25B 

3 OB 

New 

A-81420 

NB- 120 

Quan t i ty  per 
spacec ra f t  

4 

4 

2 

2-2200 
f t . / r o l l  

2 

8 

4 

2 

4 

2 

Waterer. - The, concept underlying the  waterer design w i l l  incorporate  t h e  
high r e l i a b i l i t y  required f o r  a successfu l  mission. Engineering da ta  s h a l l  
be gathered f o r  assessment o f  t h e  opera t ion  of t h e  waterer, both f o r  recog- 
n i t i o n  of i n c i p i e n t  f a i l u r e  and f o r  eva lua t ion  of  t he  system performance 
during t h e  one year  ope ra t ion ,  

The waterer should prevent back contamination by desolved material, 
Fa r t i cu la t e s ,  o r  micro-organisms through the  de l ive ry  nozzle. The water i t s e l f  
w i l l  be  potab le  t a p  water wi th  the  mineral  content  l imi ted  t o  prevent co r -  
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ros ion  o r  s ca l ing .  The water w i l l  be f i l t e r e d - s t e r i l i z e d  as it i s  placed i n  
the s torage  tank. The potable  t a p  water is being used because t h e  p r i m a t e  
needs the  minerals contained i n  the  water. 

The waterer s h a l l  provide s a f e  water s torage  adequate f o r  a one year  
mission and s h a l l  dispense measured amounts of  water t o  the  animal upon 
successful  completion of a behavioral  t a s k  by the  animal. The requirements 
a f f e c t i n g  t h e  waterer are: 

(1) The waterer s h a l l  s t o r e  151.5 kg (334 pmnds) of water per  primate 
f o r  a one-year mission. 

(2) The waterer s h a l l  d e l i v e r  2 cc a l i q u o t s  t o  the  animal a t  the  rate 
of 1 cc/second f o r  an average of  208 a l i q u o t s  p e r  day f o r  one year without 
f a i l u r e .  

( 3 )  A switch s h a l l  opera te  when the  animal 's  mouth i s  on the  mouthpiece, 
the  s i z e  of which s h a l l  be compatible with t h e  animal. 

( 4 )  
o r  b a c t e r i a .  

The s tored  water s h a l l  no t  support o r  encourage growths o f  fungi  

(5) The s tored  water s h a l l  remain uncontaminated by food, feces  o r  
ur ine  present  i n  t h e  L i f e  C e l l .  

( 6 )  The water s h a l l  be de l ivered  t o  t h e  animal a t  L i f e  C e l l  temperatures 
wi th in  f 5 degrees ,  

(7) The waterer shall opera te  i n  0 and 1 g f i e l d  environment. 

( 8 )  The waterer des ign  and cons t ruc t ion  s h a l l  be compatible with 
i n s t a l l a t i o n  i n  a spacecraf t  regarding s i z e ,  weight,  e l e c t r i c a l  i n t e r f e rence ,  
etc.  

(9)  
corros ion  o r  leaching of  component materials. 

The waterer s h a l l  prevent buildup of  contaminating so lu t e s  due t o  

(10) The waterer s h a l l  provide a s igna l  s ign i fy ing  de l ivery  o f  an a l i q u o t ,  

(11) The waterer s h a l l  t o l e r a t e  complete s a n i t i z a t i o n  before  loading with 
water, 

(12) The waterer s h a l l  s igna l  t i m e  o f  de l ive ry  t o  wfthin 0.01 second. 

The approach se l ec t ed  f o r  t he  s to rage  of water i s  a tank constructed of 
two aluminum hemispheres bol ted  toge ther .  A s t a i n l e s s  steel e x i t  r i n g  
enclosed i n  Viton bladders  uses a s t a i n l e s s  steel w i r e  mesh t o  prevent 
blockage of  e x i t  ho les .  
walled bladders  w i th  the  e x i t  r i n g  between the  bladders .  
supports  a 1-square-inch mesh, 0.093 diameter,  w i r e  screen. 
bladders  co l l apse  simultaneously due t o  the  manifolding of  t h e  pressur tz ing  

Figure 8 shows t h e  two sets of hemispherical  double 

The two sets o f  
The e x i t  r i n g  
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gas,  which is  introduced i n t o  both of t he  tank  hemispheres equal ly .  
r i n g  a l s o  provides the  opt ion  of  introducing as many water o u t l e t s  as is  
des  i r e d  t o  increase  re1 i a b i l  i t y  through redundancy. 

This  

Water from the  s to rage  tank must be  de l ivered  t o  the  animal i n  measured 
amounts a t  t h e  proper rate, 
mechanism t o  prevent contamination of t he  water supply r e l a t e d  as shown i n  
f i g u r e  9. 
va lves ,  metering devices ,  and a s h a f t  t h a t  seals t h e  mouthpiece when it 
i s  not i n  use. Figure 8 shows t h e  d e t a i l s  of t he  d e l i v e r y  mechanism and the  
se l ec t ed  combination mouthpiece c los ing  device,  and rngtering valve o r  pump. 
Both plungers a r e  operated by a combination dua l  cam dr iven  by a s tandard 
geared motor on a predetermined sequence. The solenoid valve is a s tandard 
i t e m .  

This  r equ i r e s  a metering device ,  valves and 

The method f o r  water de l ive ry  incorporates  t h e  combinations of  

This system using one standard solenoid valve and one s tandard type 
geared motor i s  the  s implest  and most r e l i a b l e  combination of t h e  approaches 
deemed feas ib l e .  The following sequence represents  one cyc le  of  operation: 
(1) t h e  standard type geared motor d r i v e s  a cam (machined s c r o l l )  which has 
two mil led p ro f i l ed  grooves, (2) t he  p i s ton  i d l e s  t o  t h e  l e f t  of t h e  pos i -  
t i o n  shown. Upon receipt of  a s i g n a l  t h e  cen te r  plug is  dr iven  t o  the  l e f t ,  
opening the  mouthpiece, ( 3 )  then  t h e  p i s ton  is dr iven  t o  t h e  r i g h t  i n  two 
seconds, de l ive r ing  two cc of water t o  t h e  pr imate ,  (4) t h e  motor cont inues 

Pressurized nitrogen Off-on solenoid 

Mouth actuated 

valve and I 

50 PSI nitrogen gas 

Off-on solenoid 
va I ve 

Figure 9. - Primate water supply diagram 
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t o  run t o  seal the  mouthpiece opening, (5) 
motor d r ives  t h e  p is ton  t o  t h e  l e f t ,  drawing 2 cc i n t o  t h e  cav i ty ,  (6) 
motor s tops ,  and the  solenoid valve c l o s e s ,  (7) 
t h e  next de l ive ry  cycle .  

t he  solenoid valve opens, and t h e  
t h e  

the sys t em is  then ready f o r  

I t e m  No. 

1 

2 

3 

4 

The s h a f t  and p is tons  are c i r c u l a r l y  grooved t o  reduce leakage and to  
e l imina te  s i d e  loads which increase  operat ing f r i c t i o n .  The small amount 
of leakage i n  the  valve gland docs n o t w a r r a a t  incur r ing  the  hazards and 
added complexity of using bellows o r  f i x t u r e s  f o r  s ea l ing  the  movenent. 
A bleed l i n e  to  the  waste management a rea  w i l l  d ispose of the mal l  leakage 
t h a t  occurs. 

D e  s c  r i p  t ion 

V i t o n  "0" 
r i n g  

P lane tary  
gear motor 

Soleno id  
valve 

B a l l  
bear ings 

Advance development areas: The most common problem involved when moving 
p a r t s  are rubbed toge ther  i s  t h e  use of l ub r i ca t ion .  A s u i t a b l e  lubr icant  
may be required t o  ensure t h a t  t he  moving p a r t s  opera te  during t h e  des i red  
one year mission l i f e .  P o t e n t i a l  l ub r i can t  candidates  which could be inves t -  
igated are as follows: 

P a r t  No, 

AN6 2 2 7B 

(1) Determination of a lub r i can t  s u i t a b l e  f o r  one y e a r ' s  se rv ice  i n  t h e  
spacecraf t  p ressure  ves se l  environment, which would have no de le t e r ious  tox ic  
e f f e c t s  on the  pr imate .  

Quantity pe r  
s p ac ec r a f t 

12 

(2) Selec t ion  of proper ma te r i a l s  o r  combinations o f  mater ia l s  t o  p e r m i t  
cor ros ion- f ree  s torage  of  w a t e r  f o r  one year.  

(3) 

(4) 

Bac te r i a l  and fungus growth con t ro l  i n  the  water de l ive ry  mechanism. 

Actuat ion of  water de l ive ry  by means of t h e  mouthpiece while pre-  
serving seal i n t e g r i t y .  

Preliminary equipment l i s t :  The s e l e c t i o n  of major component i t e m s  
required i n  mechanizing t h e  Waterer preliminary design i s  l i s t e d  i n  t a b l e  14. 
As previously noted, t h e  u n i t s  are a l ready  developed and ava i l ab le .  

TABLE 14. - WATERER PRELIMINARY EQUIPPENT LIST 

Suggested 
manufacturer 

~ ~~ 

Parker Seal 
Company 

Globe 
I ndu s t 1: i e  s 

Skinner 
Corporation 

New Hampshire 
Corporation 

102A193 -10 

V5 2DA 12 5 0 

2 

2 

SR4PP 4 
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Behavioral  panel.  - The animals w i l l  be t r a ined  by t h e  P r inc ipa l  Inves t i -  
gator  t o  perform a number of behavioral  tests which are designed t o  provide - 
measurements of  t he  e a t i n g  and dr inking  responses,  r e a c t i o n  to  f r u s t r a t i o n  and 
s t a r t l i n g ,  escape/avoidance of noxious s t imula t ion ,  and c i r cad ian  p a t t e r n s  of  
behavior,  animal 's  a b i l i t y  t o  estimate s h o r t  t i m e  i n t e r v a l s ,  r e a c t i o n  t i m e ,  and 
v i s u a l  and aud i to ry  d iscr imina t ion ,  and c i r cad ian  p a t t e r n s  o f  behavioral  response. 
A behavioral  panel  w i l l  provide s t imulus signals f o r  s p e c i f i c  tasks, means f o r  
t he  primate t o  accomplish t h e  tasks, and means of  providing rewards (water and 
food) f o r  accomplishing the  tasks, 

The requirements that e f f e c t  t h e  behavioral  panel are: 

(1) 
respond i n  order  t o  ob ta in  food and water. 

The behavioral  panel  s h a l l  p resent  s t i m u l i  t o  which the  animal must 

(2) The behavioral  panel s h a l l  p resent  s t i m u l i  which w i l l  cue o the r  
spec i f i ed  a c t i v i t y  of t h e  animal ( e .g . ,  weighting, recovery,  e t c . ) .  

(3) The panel s h a l l  be located away o r  a c r o s s  from the s o c i a l  window. 

(4) The s t imulus d i sp lay  and handles should be located f o r  ease of 
viewing and manipulating when the  primate i s  sea ted  before  t h e  panel,  

(5) The s i z e ,  spacing and pos i t ion ing  of  s t i m u l i  and handles s h a l l  be 
convenient and reduce the  p o s s i b i l i t y  of  confusion. 

( 6 )  Handles p ro jec t ing  1 inch,  3/8 inch diameter,  2nd moving upward 
% 1/4 inch with a 3-ounce force  w i l l  be provided f o r  each t a sk .  

(7)  The food mouthpiece (5/8 inch O.D.) and water mouthpiece (1/4 inch O.D.) 
s h a l l  be located above the  handles, 

(8) 

(9)  

Stimulus l i g h t s  s h a l l  surround t h e  handles and mouthpiece. 

The behavioral  panel s h a l l  be invulnerable t o  t h e  animal 's  c u r i o s i t y  
and t o  foul ing  by waste matter. This  includes obs t ruc t ion  of ind ica tors .  

Bas i ca l ly ,  t h e  behavioral  panel design shown i n  f i g u r e  10 c o n s i s t s  of 
two panels.  The f i r s t  panel c o n s i s t s  of  th ree  l i g h t s  - b lue ,  red ,  and yellow. 
The b lue  l i g h t  i s  the  s t imulus i l lumina t ion  f o r  t he  timing component (TIM); 
t he  red l i g h t  is t h e  s t imulus i l lumina t ion  f o r  t he  in t e r lock  components (ILK) ; 
and the  yellow l i g h t  i s  the  s t imulus i l luminat ion f o r  the  v ig i l ance  component 
( V I G ) .  A maximum poss ib le  number of e igh t  l i g h t s  per response panel component 
are shown. This panel has a t rans lucent  material covering t h e  l i g h t s  and the  
f inge r  levers  whose bases are sealed by an elastomer material. 

The waterer-feeder  mouthpiece panel c o n s t i t u t e s  t he  o t h e r  por t ion  of t h e  
behavioral  panel. 

lucent  material covering the  l i g h t s  and sea l ing  the  in t e r f ace  f o r  the  mouth- 
piece e x t e r i o r  surfaces .  Even though the  maximum number of l i g h t s  are shown, 

This  subassembly cons i s t s  of a maximum of twenty-eight 
I .  whi te  l i g h t s ,  a Waterer mouthpiece, a Feeder mouthpiece, and agian t r ans -  
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only one-half of  t h e  l i g h t s  w i l l  be on. The l i g h t s ,  t he re fo re ,  have redun- 
dancy b u i l t  i n t o  t h e  design.  

Suggested 
manufacturer 

Minneapol i s  - 
Honeywe 11 

General 
E l e c t r i c  Corp. 

K i rkh  ill 
Rubber Co. 

The behavioral  panel  w i l l  be  sea led  wi th  Viton gaske ts  and/or a po t t ing  
compounds. The t r ans lucen t  material w i l l  a l low t h e  l i g h t s  t o  be  seen by t h e  
primate but  w i l l  not a l low t h e  p r i m a t e  t o  touch t h e  l i g h t .  I f  polypropylene 
is found to  be scratch-proof ,  i t  w i l l  be  used; otherwise,  hea t - t r ea t ed  g l a s s  
w i l l  be used. 

P a r t  no. 

llSM23 12 

T - 1  3/4-11-C- 104 
2F -BI  -PIN 

New 6 

Advance development areas: Fac tors  which w i l l  r equ i r e  a d d i t i o n a l  
i nves t iga t ion  are summarized as follows: 

(1) The number of s t imulus l i g h t s  required t o  ensure t h a t  t h e  primate 
carries o u t  t h e  required tasks needs t o  be determined. I n e f f i c i e n t  use o f  
these  l i g h t s  increase  t h e  spacecraf t  power requirements, 

(2) Materials w i l l  need t o  b e  inves t iga ted  to  l o c a t e  a s u i t a b l e  primate- 
scratch-proof t r ans lucen t  material. 

(3) Atmosphere flow d i s t r i b u t i o n  w i l l  need t o  be t e s t e d  t o  determine 
an optimum f low p a t t e r n  t o  a i d  i n  keeping t h e  behavioral  panel  f r e e  of debr i s ,  

(4) Elastomer materials w i l l  need t o  be inves t iga ted .  They provide an  
important i n t e r f a c e  between the  Waterer o r  Feeder and t h e  behavioral  panel 
as a sea lan t .  

Preliminary equipment l i s t :  Those major items o the r  than t h e  e l e c t r o n i c s  
and panel s t r u c t u r a l  material a n t i c i p a t e d  as being necessary t o  i t s  mechan- 
i z a t i o n  are l i s t e d  i n  t a b l e  15. 

TABLE 15. - BEHAVIORAL PANEL PRELIMINARY EQUIPMENT LIST 

I t e m  no. 

~ 

Descript ion 

Microswitches 

Lamp bulbs  

Elastomer 
materials 

Quant i ty  per 
spacecraf t  

Environmental con t ro l  and waste management. - The design ana lys i s  e f f o r t  
presented here  d e t a i l s  t h e  recommended component s i z i n g  and arrangement of 
the  environmental con t ro l  and waste management (ECS/WMS). Synthesis  of  t h e  
spacecraf t  ECS/WMS i s  based upon t h e  i n t e r r e l a t e d  a spec t s  of performance, 
r e l i a b i l i t y  and system i n t e r f a c e  considerat ions.  Ground support  requirements 
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and instrumentat ion provis ions  are evaluated following d e f i n i t i o n  of t h e  
system conf igura t ion  and component desc r ip t ions .  
development areas is  included based upon t h e  necess i ty  f o r  q u a l i f i e d  hardware 
opera t ion  i n  1970. 

A summary o f  recommended 

The ECS/WMS maintains the  atmospheric environmental condi t ions wi th in  the 
primate chamber t o  assure t h a t  t h e  primates w i l l  surv ive  f o r  one year  i n  o r b i t .  
Beyond t h i s ,  t he  con t ro l  system i s  requi red  t o  maintain condi t ions wi th in  
somewhat narrower l i m i t s  than those f o r  mere su rv iva l  i n  order  t h a t  t he  

experimental  r e s u l t s  may be c o r r e c t l y  in t e rp re t ed .  
summarized as follows: 

The requirements may be 

(1) Handle thermal loads imposed by t h e  primates and assoc ia ted  
e lec t ronics .  

(2) Control  atmosphere level and composition t o  wi th in  spec i f i ed  l i m i t s .  

(3)  Remove primate generated carbon dioxide from the  atmosphere. 

( 4 )  Control trace contaminants below spacec ra f t  maximum al lowable 
concent ra t ion  l i m i t s  e s t ab l i shed  f o r  manned missions, 

(5) Maintain a d e s i r a b l e  v e n t i l a t i o n  ve loc i ty .  

(6) Maintain a d e s i r a b l e  e f f e c t i v e  atmosphere temperature. 

(7)  
s up po r t system. 

Prevent dus t  from d r i ed  feces  from spreading through the  l i f e  

(8) E s t a b l i s h  t h e  c a p a b i l i t y  of handling waste material. 

The system descr ibed below i s  a base l ine  system which includes only the  
hardware components necessary t o  perform a l l  funct ions previously se l ec t ed  
by t r ade  study ana lys i s .  The base l ine  system does not include redundancy 
provis ions o r  a l t e r n a t e  modes o f  opera t ion  as may be required as a r e s u l t  
o f  r e l i a b i l i t y  eva lua t ions .  The base l ine  system, f i g u r e  11, serves as a 
poin t  o f  re ference  i n  t h e  evolu t ion  o f  a sophis t ica ted  system, and w i l l  be  
modified t o  include recommended provis ions of  r e l i a b i l i t y ,  

Atmosphere c i r cu la t ion :  The atmosphere c i r c u l a t i o n  assembly provides 
primary atmosphere interchange i n  t h e  l i f e  c e l l ;  convective cool ing of  elec- 
t r o n i c  equipment i n  t h e  pressurized volume; and con t ro l l ed  flow through 
processing equipment f o r  contaminant c o n t r o l ;  and thermal and humidity 
con t ro l  o f  t he  atmosphere. It i s  composed of 17 func t iona l  components, 
e igh t  of  which are der ived from e x i s t i n g  space q u a l i f i e d  hardware. 

The syn thes i s  of t h e  atmosphere c i r c u l a t i o n  system involves t h e  d ive r se  
func t iona l  and performance requirements l i s t e d  below i n  t a b l e  16. 
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TABLE 16. - ATMOSPHERIC CONTROL FUNCTIONS 

Func t i on 

Waste c o l l e c t i o n  

I Trace gas  removal 

P a r t i c u l a t e  f i l t r a t i o n  

Bacter ia  con t ro l  

C 0 2  removal 

Humidity con t ro l  

Temperature con t ro l  

- 

Required f l o w  ra te ,  lb /hr  

27 30 

A l l  gas  c i r cu la t ed  through 
l i f e  c e l l  

6 

82.5 

183 

The c i r c u l a t i o n  flow va lues  f o r  carbon dioxide and temperature are minimum 
vttlues necessary t o  ensure con t ro l  of  the  Earameter i n  accordance wi th  t h e  
spec i f i ed  to le rance  l eve l s .  c 

Of t h e  many concepts f o r  component arrangement, t he  two-fan approach has 
been se l ec t ed  over the  four-fan approach because of  packaging s i m p l i c i t y ,  
weight,  and redundancy cons idera t ions .  The arrangement, shown i n  f i g u r e  12 
i l l u s t r a t e s  t h e  se l ec t ed  flow p a t t e r n  and general ized component arrangement. 

The remaining component arrangement d e f i n i t i o n  involves the  carbon dioxide 
removal equipment. The appropr ia te  t r a d e  study has ind ica ted  t h e  necess i ty  
t o  provide gas t o  the  L i O H  bed i n  a condi t ion  of low humidity and r e l a t i v e l y  
high temperature. 
bu t  t h e  low temperature (57OF) i s  undesirable .  
as shown i n  f i g u r e  11, s a t i s f i e s  t h e  condi t ions .  

The condenser o u t l e t  i s  a source of r e l a t i v e l y  dry  gas ,  
A r ehea te r  o r  regenera tor ,  

As shown i n  f i g u r e  11, t h e  c i r c u l a t o r  f a n  is t h e  prime motive force  o f  
l i f e  c e l l  atmosphere interchange. The fan  provides atmosphere c i r c u l a t i o n  
a t  a rate of  2458 lb /h r ,  which, i n  conjunct ion with t h e  flow from the  con- 
taminant f an ,  provides a 30-fpm ve loc i ty  of  atmosphere flow through t h e  l i f e  
cel l  t o  f a c i l i t a t e  waste removal. The o u t l e t  of t h e  c i r c u l a t i o n  f an  i s  
d i r ec t ed  t o  t h e  regenera tor  which i s  used t o  preheat  t h e  atmosphere flowing 
t o  t h e  carbon dioxide removal bed. 

Downstream of  the  regenera tor ,  t h e  flow of  t h e  processed atmosphere 
dumps i n t o  t h e  pressur ized  sec t ion  o f  t h e  spacecraf t .  The c i r c u l a t i o n  of 
atmosphere i n  t h i s  volume c o n t r o l s  t h e  temperature con t ro l  of a l l  e l e c t r o n i c  
equipment loca ted  i n  t h e  pressur ized  volume by forced convection. 

The atmosphere i s  drawn t o  t h e  top  o f  each l i f e  c e l l  and e n t e r s  through 
flow d i s t r i b u t i o n  p o r t s  which ensures  a uniform v e l o c i t y  and mass flow 
d i s t r i b u t i o n  ac ross  t h e  l i f e  ce l l .  As t he  flow proceeds through the  l i f e  
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~~ LiOH Catalytic burner 

Figure 12. - Baseline atmospheric loop arrangement 

cel1,debris  and wastes are scavenged from t h e  l i f e  c e l l  area and t ranspor ted  
through t h e  screen  bottom t o  t h e  waste management c o l l e c t o r / f i l t e r  assembly. 
The v e l o c i t y  of  atmosphere flow through the l i f e  c e l l  i s  predicated upon a 
compromise of f an  power and scavenging t i m e .  I f  the  d e b r i s  i s  t o  be c leared  
from the l i f e  cell i n  5 seconds a v e l o c i t y  of  30 fpm, o r  a mass flow of  2,730 
pounds per  hour f o r  the t o t a l  of  two l i f e  cel ls  i s  required.  

Wastes, co l l ec t ed  by the  moving gas stream through t h e  l i f e  ce l l ,  are 

Urine i s  &lso r e t a ined  on t h e  f i l t e r ,  ebaporated 
t ranspor ted  t o  the  waste management area, and are a i r  d r i ed  on t h e  sur face  
o f  t h e  extended f i l t e r .  
by t h e  atmosphere flowing through the  f i l t e r ,  and removed from t h e  gas  stream 
by t h e  condenser i n  t h e  humidity con t ro l  subsystem. 

Since t h e  waste c o l l e c t o r  i s  a p a r t i c u l a t e  f i l t e r ,  it i s  reasonable  t o  
incorporate  a l l  p a r t i c u l a t e  f i l t r a t i o n  provis ions  d i r e c t l y  i n t o  t h e  waste 
c o l l e c t i o n  system. 
generated i n  t h e  system w i l l  o r i g i n a t e  i n  t h e  waste management system, i t  
is  reasonable t h a t  t h e  con t ro l  of  both b a c t e r i a  and trace gases  be accomplished 
as c l o s e  t o  t h e  source as is p r a c t i c a l .  The i n t e g r a t i o n  of t hese  seve ra l  
func t ions  r e s u l t s  i n  a reduced power requirement f o r  t he  atmosphere c i r c u -  
l a t i o n ,  s ince  t h e  l a rge  c r o s s  s e c t i o n  f o r  atmosphere flow through t h e  f i l t e r s  
and beds i n  the  waste management area minimizes pressure drop. 

Fu r the r ,  s ince  t h e  majori ty  of trace gases  and bac te r i a  
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The extended su r face  of  t h e  waste c o l l e c t o r / f i l t e r  i s  designed t o  provide 
35 square f e e t  of  flow area. . The wastes co l l ec t ed  during a one-year mission 
r equ i r e  a s to rage  volume of approximately one and one-half t o  two cubic  f e e t .  
If wastes accumulate uniformly on t h e  f i l t e r ,  t h e  depth would not  exceed 
0.75 inches. Because o f  t he  l a r g e  su r face  area of t h e  c o l l e c t o r / f i l t e r  and 
probable l o c a l i z a t i o n  of  wastes i n  a p a r t i c u l a r  area of t h e  c o l l e c t o r ,  the  
accumulation of wastes over a period of  t i m e  w i l l  not appreciably a f f e c t  t h e  
atmosphere flow through the  f i l t e r .  The r e l a t ionsh ip  of  flow t o  e f f e c t i v e  
flow area has  been shown i n  t h e  t r ade  s tudy on waste management ( r e f .  6 ) .  
A l l  urine and f e c a l  water i s  d r i ed  from t h e  c o l l e c t o r / f i l t e r  by the  recir- 
cu la t ing  atmosphere and removed from t h e  atmosphere by subsequent processing. 

The absorbent bed, loca ted  downstream o f  t h e  waste c o l l e c t o r / f i l t e r ,  
removes trace gases ,  including odors ,  from the  atmosphere. The abosrbent 
bed is  a composite s t r u c t u r e  containing ac t iva t ed  charcoa l ,  phosphoric a c i d  
impregnated charcoa l ,  and calcium carbonate,and funct ions i n  several ways. 
The ac t iva t ed  charcoa l  removes most odorous compounds while  t h e  ac id  i m -  
pregnated charcoal  removes ammonia from t h e  gas stream. The calcium carbonate 
removes most a c i d i c  trace gases and t h e  L iOH bed is  a l s o  usefu l  i n  removing 
a c i d i c  trace gases .  

The absorbent beds are supplemented i n  c o n t r o l l i n g  trace gases by a 
c a t a l y t i c  burner  located i n  t h e  flow stream t o  the  LiOH bed. 
burner i s  p a r t i c u l a r l y  adaptable  t o  oxid iz ing  compounds such t h a t  t he  by- 
products are removed upon t h e  charcoal  o r  bas ic  beds. 
u l t r a v i o l e t  lamp, loca ted  i n  t h e  plenum under t h e  absorbent bed, is one of 
t he  d i s i n f e c t a n t  provis ions f o r  t h e  system. The i n s t a l l a t i o n  of the  u l t r a -  
v i o l e t  l i g h t  i n  t h e  plenum where gas v e l o c i t y  i s  low, i s  p a r t i c u l a r l y  
advantageous, s i n c e  it  provides the  required t i m e  t o  contac t  with t h e  i r -  
r ad ia t ing  f i e l d  t o  produce an  e f f e c t i v e  b a c t e r i a  and v i r u s  k i l l .  
o t h e r  l oca t ion  wi th in  t h e  system where t h e  a i r  i s  moving slow enough f o r  
i r r a d i a t i o n  is  i n  t h e  l i f e  ce l l  i t s e l f .  However, continued exposure of  
t h e  p r i m a t e  t o  t h e  u l t r a v i o l e t  l i g h t  e l imina tes  t h i s  a l t e r n a t i v e .  The 
lamp, which includes a f i l t e r ,  excludes t ransmission i n  t h e  1843 A band, 
thereby precluding ozone formation. 

The c a t a l y t i c  

Furthermore, t he  

The only 

The two waste management system plenum o u t l e t s  form p a r t  of the  waste 
management s t r u c t u r e ,  t o  form a common entrance t o  the  c i r c u l a t i o n  f an  where 
approximately 90 percent  of  t h e  c i r c u l a t e d  atmosphere proceeds t o  the  c i r -  
c u l a t i o n  fan.  
through a contaminant removal processing loop. 

The remaining 10 percent  of t h e  atmosphere flow proceeds 

A por t ion  of t he  atmosphere en ter ing  t h i s  loop comes from the  two food 
management compartments a f t e r  passing the  two debr i s  t r a p s .  The food d i s -  
penser may cause dus t ing  of  t h e  foo t  p e l l e t s ,  o r  even occasional  breakage 
of  a p e l l e t .  The debr i s  from t h i s  source i s  co l l ec t ed  and r e t a ined  on t h e  
d e b r i s  t r a p  t o  prevent accumulation i n  o the r  area o f  t he  spacecraf t .  

A contaminant f a n  provides  a f ixed  flow of  82.5 pounds an hour through 
t h e  condenser and 183 pounds an  hour through t h e  hea t  exchanger. Cold 
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coolant ,  a t  a con t ro l l ed ,  f i xed  temperature of  55°F and a flow rate o f  
225 pounds an hour ,  e n t e r s  t h e  condenser t o  cool  the gas stream below t h e  
dew poin t  and thereby t o  remove water vapor and con t ro l  t h e  re la t ive humidity 
i n  the  l i f e  ce l l  atmosphere, The condensed water i s  separated from t h e  gas 
stream by a s ta t ic  wick-type water separa tor  which is i n t e g r a l  t o  t h e  con- 
denser.  The c o l l e c t e d  water i s  vented overboard by t h e  water pressure  reg- 
u l a to r .  The r egu la to r  con t ro l s  t h e  upstream pressure  ( suc t ion  head on water 
separa tor )  t o  a value of  approximately 1-1/2 p . s . i .  below t h e  l i f e  ce l l  
atmosphere pressure.  
according t o  the  rate of condensation. 
the  porous wick sur faces  balances t h e  reduced pressure appl ied  by t h e  reg- 
u l a to r .  A s  water accumulates, sur face  t ens ion  fo rces  become less and t h e  
regula tor  vents  water overboard u n t i l  a balance is  achieved. 

The suc t ion  head on t h e  condenser wicks removes water 
The su r face  tens ion  of  t h e  water on 

The coolant  leaving the  condenser i s  d i r ec t ed  t o  the  hea t  exchanger bypass 
valve.  Since coolant  has  been warmed by hea t  exchange with the  gas flow i n  
t h e  condenser,  i n  excess of  t he  dewpoint temperature of t he  main c i r c u l a t i n g  
atmosphere stream, the  coolant  en te r ing  the hea t  exchanger cannot cause 
add i t iona l  condensation. The hea t  exchanger's only funct ion i s  t o  provide 
va r i ab le  sens ib l e  cool ing upon demand. 
the funct ion of va r i ab le  hea t  r e j e c t i o n  based upon sensed temperature i n  
the  c i r c u l a t i n g  gas stream. The bypass valve i s  of  the wax element, or 
vernatherm, type.  The temperature-sensi t ive element conta ins  a material 
which e x h i b i t s  a high c o e f f i c i e n t  of thermal expansion. 
the material ,  i n  response t o  temperature change, i s  used as a d i r e c t  mechan- 
ical  force  t o  r epos i t i on  a modulating flow con t ro l  valve.  The vernatherm- 
sensing element responds t o  increasing atmosphere temperature by increas ing  
the  coolant  flow t o  the  hea t  exchanger, and thereby increases  the  hea t  
removal from t h e  l i f e  c e l l  atmosphere. 

The hea t  exchanger bypass provides 

The expansion of 

The atmosphere flow from the  condenser and hea t  exchanger j o i n  and are  - 
vented t o  t h e  pressurized sec t ion  of the spacecraf t .  
por t ion  of t he  atmosphere flow from the  condenser i s  d i r ec t ed  t o  the re- 
generator .  This r e l a t i v e l y  dry gas ,  a v a i l a b l e  a t  t h e  condenser o u t l e t ,  i s  
warmed by thermal t r a n s f e r  with t h e  main c i r c u l a t i o n  loop a t  the  regenerator  
t o  provide as dry and as  w a r m  a gas stream t o  t h e  entrance of  t h e  carbon 
dioxide removal system as p r a c t i c a l .  An add i t iona l  source o f  thermal energy 
comes from t h e  c a t a l y t i c  burner located between t h e  regenerator and the  L i O H  
bed. The excess hea t  from t h e  c a t a l y t i c  burner w a r m s  the  process gas t o  
s l i g h t l y  above t h e  l i f e  c e l l  temperature. The products of oxidat ion from 
the  c a t a l y t i c  burner are c a r r i e d  with t h e  gas flow t o  the L i O H  bed and 
re ta ined .  The l i th ium hydroxide bed, which is pr imari ly  f o r  carbon dioxide 
removal, t he re fo re ,  serves  as a postabsorbent bed f o r  t he  c a t a l y t i c  burner,  
a main absorbent f o r  a c i d i c  t r a c e  gases ,  and as an  e f f e c t i v e  d i s i n f e c t a n t .  

However, a s m a l l  

The carbon dioxide removal system c o n s i s t s  of a s ing le  bed of l i th ium 
hydroxide used pr imari ly  as an absorbent fo r  carbon dioxide.  The L i O H  could 
form extensive q u a n t i t i e s  of l i th ium hydrate (LiOH H 0) i f  r e l a t i v e l y  co ld ,  
w e t  gas is introduced t o  the  bed which would preclude the  removal of carbon 
dioxide i n  the  atmosphere. The loca t ion  of t h e  carbon dioxide removal system 
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i n  t h e  unpressurized volume has been se l ec t ed  f o r  two reasons.  
aging of t h e  l a r g e  can i s t e r  i s  s impl i f ied  i n  t h e  unpressurized sec t ion  of 
the  spacec ra f t ,  and secondly,  near ly  continuous s o l a r  energy i s  therefore  
a v a i l a b l e  t o  warm t h e  carbon dioxide removal system simply by loca t ing  the  
l i th ium hydroxide c a n i s t e r  i n  the  unpressurized sec t ion  i n  f u l l  view of the  
sun. The p r i n c i p a l  disadvantage of t h e  l i th ium hydroxide absorbent bed t o  
accommodate two primates f o r  a year  i s  a s i g n i f i c a n t  weight penal ty  compared 
with o the r  carbon d ioxide  removal systems, such as a molecular s ieve .  
t he  LiOH has  been se lec ted  because of increased r e l i a b i l i t y .  
trates 
as a funct ion of d a i l y  pr imate  carbon dioxide generat ion rate. 

F i r s t ,  pack- 

However, 
Figure 13 i l l u s -  

t he  v a r i a t i o n  i n  t o t a l  weight of  the carbon dioxide removal system 

A t  t h i s  junc ture ,  it is  w e l l  t o  emphasize the  i n t e r r e l a t i o n s h i p s  between 
the contaminant con t ro l  and waste management subsystems wi th  o ther  funct ions 
performed wi th in  the  ECS. The summary of  contaminant con t ro l  provis ions f o r  
the  spacecraf t  is shown i n  t a b l e  17 .  

It is  a l s o  w e l l  t o  remember t h e  unknown f a c t o r s  assoc ia ted  wi th  t h e  exact 
performance c r i t e r i a  required of  a b a c t e r i a ,  o r  t r a c e  gas con t ro l  system 
opera t ing  wi th  two Macaca primates fo r  one year i n  a closed ecology. 
subsequent development phase, which w i l l  involve t e s t i n g  with p r i m a t e s ,  would 
y i e l d  valuable  da t a  necessary t o  ensure design confidence.  

The 
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TABLE 17 .  - SUMMARY OF CONTAMINANT CONTROL 

Type 
P a r t i c l e s  

Bacteria 

Trace gases  

Carbon Dioxide 

Selected approach 

Mechanical c o l l e c t i o n  

W Radiat ion 

Dis infec tan t  
(L iOH) 

Sorbent beds 

L i f e  ce l l  leakage 

C a t a l y t i c  burner 

Absorption on LiOH 

I n  order  t o  i n i t i a t e  la ter  development phases wi th  reasonable confidence 
t h a t  t he  trace gas con t ro l  provis ions are adequate,  a c a t a l y t i c  burner i s  
included i n  t h e  design.  
t o  the  l i th ium hydroxide bed. The l i th ium hydroxide bed, t h e r e f o r e ,  becomes 
t h e  post-absorbent bed required downstream of t h e  c a t a l y t i c  burner t o  remove 
oxida t ion  products formed i n  the  c a t a l y t i c  bed, 

atmosphere c i r c u l a t i o n  subassembly: the  pressure  r e l i e f  valve,  the  purge 
valve, and the l i f e  c e l l  dump valve.  
t e c t i o n  of  the primate and s t r u c t u r e  from inadvertent  o r  temporary overpressur-  
i z a t  ion damage 

The c a t a l y t i c  burner processes atmosphere flowing 

Three add i t iona l  components complete the func t iona l  d e s c r i p t i o n  of the  

The pressure r e l i e f  valve provides pro- 

The purge valve may be opened by command i n  t h e  event a con t ro l l ed  high 
l e a k  rate is  des i red  t o  f lu sh  contaminants from the  atmosphere. Under normal 
opera t ing  circumstances,  t h i s  valve would never be ac tua ted .  However, i n  t he  
event of a temporary nondestruct ive,  overheating condi t ion  occurr ing wi th in  
some e l e c t r o n i c  equipment, f o r  example, whereupon an  upset condi t ion  of trace 
gases  could be de tec ted  by the  gas ana lyzer ,  t h e  valve would be  commanded t o  
open t o  supplement trace gas con t ro l  by the  absorbent bed by the  f lush ing  
act  ion. 

The l i f e  c e l l  dump va lve  i s  ac tua ted  only once during the  mission. I ts  
use is  assoc ia ted  with t h e  recovery operat ion.  After t h e  p r i m a t e  has entered 
t h e  recovery capsule  and t h e  recovery capsule  door has c losed and sea led ,  t he  
l i f e  c e l l  dump valve is remotely commanded t o  open. 
minutes i s  required t o  vent  t h e  atmosphere from the  spacecraf t .  The vent ing 
is performed as a s a f e t y  f e a t u r e  f o r  t h e  EVA a s t ronau t  during removal of  t h e  
recovery capsule ,  so t h a t  t h e  a s t ronau t  i s  not working around a pressurized 
vesse l .  

Approximately 15 t o  20 
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Atmosphere supply: The atmosphere supply assembly s t o r e s  t h e  major 
c o n s t i t u e n t s  of  t h e  atmosphere, oxygen and n i t rogen ,  and r egu la t e s  t h i s  
atmosphere wi th in  the  l i f e  ce l l .  
t o  maintain the equiva len t  o f  a sea l e v e l  atmosphere within the l i f e  cells  
i n  terms o f  pressure  and oxygen concentration. 

Oxygen and n i t rogen  are added upon demand 

The atmosphere supply assembly i s  composed of 12 func t iona l  components, 
t e n  of which are der ived  d i r e c t l y  from e x i s t i n g  space veh ic l e  app l i ca t ions .  
The two new components are the s to rage  tanks f o r  oxygen and nitrogen. 
Oxygen is  s t o r e d  i n  t h e  oxygen tank i n  a low-pressure, 50 p s i a ,  s u b c r i t i c a l  
state. The s to rage  func t ion  could be accomplished by one o r  a m u l t i p l i c i t y  
of  s u b c r i t i c a l  cryogenic tanks; however, a s i n g l e  tank  is  recommended f o r  
two reasons. F i r s t ,  a s i n g l e  tank r e s u l t s  i n  a lower pena l ty  than  two 
smaller tanks because of t h e  lower thermal p ro tec t ion  penalty p e r  u n i t  weight 
of s to red  cryogen. Second, t h e  present  spacecraf t  conf igura t ion  and pack- 
ag ing  c o n s t r a i n t s  p e r m i t  t h e  use of  a s i n g l e  tank f o r  each atmosphere 
cons t i t uen t .  
atmosphere i s  the re fo re  based upon weight and conf igura t ion  cons idera t ions .  
The use of  two o r  more tanks and a s soc ia t ed  i s o l a t i o n  va lv ing  could r e s u l t  
i n  a n  inc rease  i n  mission success p r o b a b i l i t y  i n  t h e  event of a f a i l u r e  of 
a s ingle- tank  system. 

The s e l e c t i o n  of a s i n g l e  tank f o r  each cons t i t uen t  of  t h e  

The t ank  con ta ins  s u r f a c e  tens ion  devices  
o u t l e t  and t h e  vapor a t  a second o u t l e t .  The 
t o  launch f o r  f i l l i n g  and topping the  cryogen 
s a f e t y  device t o  prevent overpressur iza t ion .  

t h a t  o r i e n t  t h e  l i q u i d  a t , o n e  
v e n t / f i l l  va lve  i s  used p r i o r  

A r e l i e f  valve serves  as a 

I n  performing the d e l i v e r y  func t ion ,  cons de ra t ions  of  demand use rate 
and temperature and pressure  condi t ion ing  are s i g n i f i c a n t .  The equiva len t  
func t ion  o f  a h o t  coolan t  flowing through a hea t  exchanger t o  w a r m  t h e  co ld  
gas  o r  vaporize t h e  l i q u i d  is  performed by simply a t t a c h i n g  t h e  two cryo- 
genic supply l i n e s  t o  a l a rge  s t r u c t u r a l  member. The cryogenic demand use 
rate r e s u l t s  i n  a thermal load of on ly  3 Btulhr t o  warm t h e  cryogens t o  
approximately ambient temperature before  de l ive ry  of  t he  gas  t o  t h e  l i q u i d /  
vapor s e l e c t o r  valve. The s u b s t i t u t i o n  of thermal i n e r t i a  f o r  a n  active 
hea t  exchanger o f f e r s  several advantages. F i r s t ,  coolan t  leakage a t  t h e  
hea t  exchanger i n l e t  and o u t l e t  couplings i s  eliminated. Second, the pumping 
power penalty a s soc ia t ed  wi th  t h e  coolant flow i s  eliminated. Thi rd ,  e l i m i -  
na t ion  o f  even a s t r u c t u r a l  element enhances r e l i a b i l i t y  of t h e  system. 

Both t h e  vapor and l i q u i d  d e l i v e r y  l i n e s  are routed and a t t ached  t o  t h e  
l a r g e  f lange  of  the carbon d ioxide  removal system t o  ensure  proper temperature 
condi t ion ing  p r i o r  t o  con tac t  with t h e  vapor l l i qu id  s e l e c t o r  valve.  

Pressure  condi t ion ing  is accomplished by the vapor / l iqu id  s e l e c t o r  va lve ,  
as described i n  the  atmosphere supply t r a d e  study ( r e f .  6 ) .  
withdrawal of either l i q u i d  o r  vapor ensures maintenance o f  a r e l a t i v e l y  
cons tan t  t ank  supply pressure ,  even under condi t ions  of  widely varying demand 
rates. The vapor l l i qu id  s e l e c t o r  va lve  serves  t o  s e l e c t i v e l y  withdraw l i q u i d  
o r  vapor according t o  the  sensed s to rage  pressure .  Vapor i s  withdrawn when 
tank pressure  inc reases ,  while l i q u i d  i s  withdrawn i f  tank pressure decreases.  

The s e l e c t i v e  
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Nitrogen i s  s to red  i n  a s u b c r i t i c a l  low-pressure s t a t e ,  50 p s i a ,  i n  t he  
n i t rogen  tank.  The n i t rogen  supply subassembly desc r ip t ion  is  i d e n t i c a l  t o  
t h e  oxygen supply desc r ip t ion  above. The oxygen and n i t rogen  supply sub- 
assemblies are  joined by t h e  oxygenlnitrogen s e l e c t o r  valve.  The oxygen/ 
n i t rogen  s e l e c t o r  va lve  i s  a two-position, solenoid-actuated va lve ,  which 
admits e i t h e r  oxygen o r  nitrogen t o  the  ups t ream s i d e  of t h e  shutof f  valve.  

The s e l e c t i o n  of an  a c t i v e  system f o r  oxygen concent ra t ion  c o n t r o l  i s  
pred ica ted  upon a r e l i a b l e ,  l o n g - l i f e  oxygen pa r t i a l  pressure  measurement 
device.  The development of  s eve ra l  gas  a n a l y s i s  instruments is c u r r e n t l y  
funded by NASA. Pending successfu l  q u a l i f i c a t i o n  t e s t i n g ,  e i t h e r  a four -  
channel mass spectrometer o r  a four-channel u l t r a v i o l e t - i n f r a r e d  gas ana lyze r ,  
o r  bo th ,  w i l l  be a v a i l a b l e  f o r  t h i s  app l i ca t ion .  

Composition c o n t r o l  i s  accomplished using a mass spectrometer and as- 
soc ia ted  ion vacuum pump. The ion pump is  ac tua ted  during ground test  and 
a l l  mission phases through launch and o r b i t  i n j ec t ion .  Af t e r  i n j e c t i o n  i n t o  
o r b i t ,  t he  ion  pump i s  deac t iva ted  and t h e  vacuum of space i s  u t i l i z e d  by 
f i r i n g  a squib which causes pene t ra t ion  of a diaphragm. 
e te r  i s  used because i t  o f f e r s  s e r v i c e  l i f e  i n  excess o f  t h e  1 year which 
is  not  poss ib le  wi th  a s i n g l e  polarographic sensor ,  f o r  example. 

The mass spectrom- 

Four polarographic senso r s ,  having a l i f e  expectancy of  90 days could be 
used, assuming t h a t  a sequen t i a l ly  manifolded conf igura t ion  allowing s e l e c t i v e  
i s o l a t i o n  of ind iv idua l  sensors i n  a n  i n e r t  environment could be provided. 
I n  t h i s  way, t h e  sensor would be s to red  i n a c t i v e l y  i n  a n  i n e r t  environment 
u n t i l  previous sensors had d e t e r i o r a t e d  and a new sensor w a s  required.  A 
t ime-oriented command would i n i t i a t e  changeover t o  t h e  new sensor .  

Pressure  c o n t r o l  i s  accomplished using a t o t a l  p re s su re ,  aneroid- 
c o n t r o l l e d ,  demand r egu la to r .  The loca t ion  of t h i s  component must be down- 
stream of t h e  oxygen/nitrogen s e l e c t o r  va lve  i n  order t o  preclude t h e  neces- 
s i t y  of  two matched u n i t s ,  one i n  each of t h e  oxygen and n i t rogen  supply 
l i n e s .  The oxygen concent ra t ion  sensed by t h e  gross  gas ana lyzer  determines 
t h e  p o s i t i o n  of  t h e  oxygenlnitrogen s e l e c t o r  valve.  The t o t a l  p ressure  reg- 
u l a t o r  then  c o n t r o l s  the  in t roduct ion  of  t h e  se l ec t ed  c o n s t i t u e n t  t o  t h e  l i f e  
ce l l  atmosphere on t h e  b a s i s  of  t o t a l  p ressure .  

A r e l i e f  va lve  is  included t o  p r o t e c t  a g a i n s t  overpressur iza t ion  of t h e  
spacec ra f t  i n  the event of a temporary malfunction of  t h e  demand p res su re  
r egu la to r .  Thus, t h e  purpose of t h e  re l ie f  valve i s  t o  prevent s t r u c t u r a l  
damage t o  t h e  spacec ra f t .  

The contingency func t ion  i s  s a t i s f i e d  by a purge valve which can be ac-  
t ua t ed  i n  the event of  a temporary trace gas upset condition. 
allows a f i x e d ,  r e l a t i v e l y  h igh  flow rate,  exhaust from t h e  l i f e  ce l l  atmos- 
phere. The f lu sh ing  a c t i o n  caused by opening t h e  purge valve s t a b i l i z e s  t h e  
atmosphere composition. 

The purge valve 

A f i n e  gas  ana lyzer  capable of  de t ec t ing  and q u a l i t a t i v e l y  analyzing trace 
It i s  s i g n i f -  

t o  mention t h a t  t h e  ana lyzer ' s  output may be telemetered t o  a ground 
contaminants i s  provided t o  command t h e  purge valve t o  open. 
i c a n t  
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s t a t i o n  t o  present  an  account o f  t h e  long-term e f fec t iveness  of t he  trace 
contaminant c o n t r o l  provision aboard the spacec ra f t .  I f  a n  upset cond i t ion  
occurs and t h e  va lve  opens t o  f lu sh  the  atmosphere o f  contamination, t h e  
telemetered da ta  should ind ica t e  the  na tu re  and source lead ing  t o  the  upset 
condi t ion .  

The n i t rogen  supply subassembly provides p re s su r i za t ion  of t he  onboard 
water supply through t h e  pressure  r e g u l a t o r / r e l i e f  valve.  This component 
maintains a pressure  head of  approximately 25 p s i a  on the water tank  such 
t h a t  water is  supplied t o  t h e  p r i m a t e  waterer upon demand. The va lve  conta ins  
a pressure  relief f e a t u r e  t o  prevent overpressur iza t ion .  

Nitrogen i s  used as the  pressurant  f o r  two reasons.  F i r s t ,  n i t rogen  
gas should be less harmful t o  the  bladder wi th in  the  water tank. 
increased demand use rate of  n i t rogen  from the  supply assembly tends t o  make 
the n i t rogen  tank less suscep t ib l e  t o  thermal v a r i a t i o n s ,  which r e s u l t  i n  
pressure excursions within the  s torage  system. 

Second, the  

A t  the  conclusion of t h e  one-year mission, when t h e  l i f e  c e l l  dump va lve  
i s  opened t o  depressur ize  the  spacec ra f t ,  the  shutof f  va lve  is  e l e c t r i c a l l y  
closed t o  f a c i l i t a t e  t h e  dep res su r i za t ion  opera t  ion. 

ECSIWMS instrumentation: Only t h r e e  bas i c  types o f  instrumentation are  
required f o r  t h e  base l ine  conf igura t ion  of t h e  spacec ra f t  environmental ’ 

con t ro l  system: q u a n t i t y  of  atmospheric gases  remaining i n  the cryogenic 
tanks ,  temperature i n  the  atmosphere and coolan t  loop, and l i f e  c e l l  atmos- 
pher ic  pressure .  Bas i ca l ly ,  t h e  instrumentation i s  used only as a monitor 
of system performance and, t o  a lesser degree,  t o  perform minor d iagnos t ic  
functions.  The presence o r  absence o f  t h e  instrumentation does not i n  any 
way a f f e c t  t h e  performance of t h e  environmental c o n t r o l  system. Therefore,  
t h e  malfunction o f  any o r  a l l  of  t h e  instrumentation t ransducers  would not 
a l t e r  bas i c  mission ob jec t ives  nor would such malfunctions c o n s t i t u t e  a m a l -  
func t ion  o r  a r e l i a b i l i t y  degradation f a c t o r  f o r  t he  spacecraf t  environmental 
con t ro l  system. 

Flow rate t ransducers  are loca ted  on the  oxygen and n i t rogen  supply l i n e s  
t o  provide a n  i n d i c a t i o n  o f  t h e  q u a n t i t y  remaining. 
a l low determination of  average va lues  of  l i f e  c e l l  l e a k  rate and metabolic 
consumption, and could provide some d iagnos t i c  informat ion ,  perhaps cor re-  
sponding t o  leaks  developing i n  the  spacec ra f t  p ressure  s h e l l .  

The d a t a  obtained would 

Temperature monitoring o f  t h e  atmosphere and coolan t  loop allows perform- 
ance eva lua t ion  wi th  minor d i agnos t i c  p o s s i b i l i t i e s .  The same i s  t r u e  of  the 
l i f e  ce l l  pressure  d a t a  obta ined  during f l i g h t .  

The components s e l ec t ed  f o r  ins t rumenta t ion  are a l l  derived d i r e c t l y  
from e x i s t i n g  space v e h i c l e  app l i ca t ions .  

The base l ine  system as been presented above, c o n s i s t s  of  a l l  func t iona l  
requirements t o  provide environmental c o n t r o l  and waste management f o r  two 
primates i n  space. 
f i g u r e  14. 

Th i s  s e c t i o n  desc r ibes  t h e  se l ec t ed  system approach, see 
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The d i f f e rences  between t h e  se l ec t ed  system and t h e  base l ine  concept 
are due t o  r e l i a b i l i t y  cons idera t ions .  
are i l l u s t r a t e d .  
components i n  an  on-l ine p a r a l l e l  arrangement. 
a l lows parallel func t ions  without t h e  necess i ty  t o  a c t i v e l y  switch t o  a 
standby component i n  the  event of  a f a i l u r e .  
example o f  on-line redundancy, 

Two bas i c  redundancy approaches 
The most ins tances  the  e f f e c t  i s  t h e  s i m p l e  a d d i t i o n  of 

The na ture  of  t he  component 

Pressure r egu la to r s  are an  

The fans  are i l l u s t r a t i o n s  of the second, more complex redundancy 
approach. 
i n t e r p r e t  t h e  performance of an ope ra t ive  o r  nonoperating component and 
provide appropr ia te  con t ro l  s i g n a l s  i n  t h e  event o f  f a i l u r e .  

The standby u n i t s  are  a c t i v a t e d  by monitoring devices which 

The d e t a i l e d  desc r ip t ion  of  the redundant c i r c u l a t i o n  fans is i d e n t i c a l  
t o  t h a t  f o r  t he  contaminant fans ,  and the re fo re  only one desc r ip t ion  i s  
presented. The use of redundant fans  r equ i r e s  t h a t  the performance of  the 
fan  i n  service be v e r i f i e d .  This i s  accomplished by use of a speed monitor, 
( p a r t  of  fan  c o n t r o l l e r )  which opera tes  d i r e c t l y  from the  pho toe lec t r i c  com- 
mutator of the  brushless  dc  motor. Should the  motor slow down, ind ica t ing  a 
loss of  power o r  a f a i l u r e  i n  the  motor assembly, the  fan con t ro l l e r  auto-  
mat ica l ly  switches power t o  a standby fan  assembly. 

new funct ions t o  s a t i s f y  t h e  r e l i a b i l i t y  requirements.  For example, i n  
o rde r  t o  switch between f ans ,  a speed monitor i s  requi red .  I n  add i t ion ,  
check va lves  are required t o  prevent reverse c i r c u l a t i o n  of atmosphere 
through the  r e spec t ive  standby u n i t s .  The a d d i t i o n  of  redundant components 
t o  t h e  base l ine  concept t he re fo re  r e s u l t s  i n  the a s s imi l a t ion  of many 
add i t iona l  func t ions  performed, y e t  a t  t h e  same t i m e  r e a l i z i n g  a d e f i n i t e  
r e l i a b i l i t y  performance increase .  

Each of  t he  fan  assemblies r equ i r e s  a complement of components performing 

Advance development areas: Two areas assoc ia ted  wi th  t r a c e  contami- 
The trace contaminant con t ro l  nants  r equ i r e  f u r t h e r  development e f f o r t .  

approach recommended as a r e s u l t  of  t h i s  phase of  study is  based upon gross  
assumptions of a few general  trace gases .  Experimental i nves t iga t ions  o f  
t h e  a c t u a l  trace gases  generated,  and t h e i r  rates, must be  conducted using 
t h e  p r i m a t e  sub jec t s  as sources .  Of equal s ign i f i cance  i s  eva lua t ion  of  
contaminants generated from t h e  wastes which are co l l ec t ed  and s tored  i n  
d i r e c t  contac t  w i th  t h e  atmosphere. U n t i l  t h i s  da t a  i s  a v a i l a b l e ,  it i s  
d i f f i c u l t  t o  perform meaningful design s t u d i e s  of component s i z i n g  f o r  
contaminant con t ro l .  Prel iminary weight a l l o c a t i o n s  made during t h i s  p r e -  
l iminary design could even be misleading due t o  the  gross  assumptions of 
generat ion rates. 

l i f e ,  s t a b l e ,  trace gas ana lyzers ,  The trace gas  ana lyzer  i s  used both as 
a monitor and as a con t ro l .  The con t ro l  func t ion  opens t h e  purge valve i n  
t h e  event o f  a contaminant upset condi t ion.  It is  clear t h a t  t h e  u t i l i t y  
o f  t h i s  func t ion  i s  t o t a l l y  dependent upon r e l i a b l e  opera t ion  o f  t h e  trace 
gas  analyzer .  A gas  chromotograph, manufactured by MelPar has been recom- 
mended f o r  t h i s  funct ion.  
even wi th  pe r iod ic  automatic c a l i b z a t i o n ,  has  y e t  t o  b e  e s t ab l i shed .  
i s  probable t h a t  s i g n i f i c a n t  development i n  t h i s  area may be required.  

Another area requi r ing  technica l  emphasis i s  i n  t h e  development of long 

Its l i f e  and s t a b i l i t y  over a one-year per iod ,  
It 
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The genera l  approach t o  waste management inc ludes  waste c o l l e c t i o n  by 
moving atmosphere through the  l i f e  c e l l ,  s torage  on a extended f i l t e r  sur face ,  
and processing by a i r  drying of t h e  co l l ec t ed  wastes. 
mended from several viewpoints;  r e l i a b i l i t y ,  performance and cos t .  To 
v e r i f y  t h e  i n t e g r i t y  o f  t he  concept,  tests must be  performed using the  
recommended conf igura t ions  and t h e  p r i m a t e  sub jec t s .  
waste management e f f ec t iveness  i s  c l o s e l y  a l l i e d  t o  t h e  trace contaminant 
development mentioned ear l ier ,  and tests could be performed concurrent ly .  

The con t ro l  of  b a c t e r i a  w i th in  t h e  closed ecology of  t h e  l i f e  ce l l  

The concept i s  recom- 

Evaluat ion of t h e  ,, &- 

merits f u r t h e r  i nves t iga t ion ,  The waste management t r a d e  s tudy has  discussed 
the  poss ib le  app l i ca t ion  o f  d i s i n f e c t a n t s  o f  e i t h e r  l i q u i d  o r  gas  t o  t h e  
waste s torage  area t o  i n h i b i t  b a c t e r i a ,  fungal  and v i r a l  growths. The pos- 
s i b i l i t y  of p r i m a t e  s e n s i t i v i t y  t o  d i s i n f e c t e n t s  added t o  t h e  system w a s  
a l s o  discussed.  This  aspec t  of environmental con t ro l  should a l s o  be inves t -  
igated by t e s t i n g  with p r i m a t e s  and with waste sources  as may be experienced 
i n  the  f l i g h t  system. 

Prel iminary equipment l i s t :  A preliminary equipment l ist  i s  included 
i n  NSL 67-33, Component Descr ipt ion.  

Recovery capsule .  - The funct ion of  t he  recovery capsule  is t o  house and 
support  t he  monkey during t h e  recovery and r e e n t r y  phase of  the mission. 
The monkey w i l l  e n t e r  t he  recovery capsule  from the  l i f e  ce l l  e i the*r  by con- 
d i t i oned  command, o r  by being forced by t h e  moving w a l l .  The recovery 
capsule  door i s  closed and sealed and removed by EVA a t  t h e  end o f  the  
mission and stowed ins ide  the  CM f o r  r e t u r n  t o  ea r th .  The sealed capsule  
must provide ECS support  f o r  t h e  animal f o r  up t o  24 hours. 

The recovery capsule  primary requirements are as follows: 

House, support ,  and r e s t r a i n  the  monkey during recovery and reent ry  
Provide atmosphere and thermal con t ro l  f o r  24 hours 
Ensure s a f e  and expedient EVA 
Control i n s e r t i o n  of  l ive  o r  decea-ad animal 
Preserva t ion  of  deceased animal 
Capable of loca t ion  in s ide  the  Command Module f o r  recovery and reent ry  
Minimize contaminat ion during one-year 1 i f e  
Minimum en t ry  r e s t r i c t i o n  t o  the  monkey. 

Descr ipt ion and performance: The conf igura t ion  se l ec t ed  f o r  t he  recovery 
capsule  i s  shown i n  f i g u r e  15. The s i g n i f i c a n t  f ea tu re s  o f  t h i s  approach are 
as follows: 

(1) Plug-in self-contained a c t i v e  environmental cont ro l  system f o r  each 
capsule  

(2)  I n t e r i o r  volume o f  1.5 cubic feet with padded w a l l s  

(3 )  A p o r t  ho le  window f o r  a s t ronau t  observat ion of  specimen 

VOL I11 55 



56 YOL 111 



(4) Double sea led  v a u l t  type door c losu re  t o  assist i n  i n s e r t i o n  o f  
animal i n t o  capsule;  t o  seal cage opening when t h e  capsule  is  removed; and 
t o  e l imina te  t h e  need f o r  a contamination cover 

(5) Quick release tie-down l a t ches  - a l s o  used f o r  CM mount 

(6) Double capsule  t o  spacec ra f t  seals 

(7)  Expedient and s a f e  EVA opera t ion  

(8) Preserva t ion  and recovery o f  dead animals. 

The ex te rna l  o v e r a l l  dimensions of  t h e  capsule  are approximately 20 inches 
wide, 22 inches long, and 17  inches high. The exac t  ex te rna l  shape of t h e  
capsule  can be modified t o  s u i t  t h e  CM s torage  requirements once t h e s e  cr i ter ia  
have been defined. The s i d e s  o f  t h e  pressure  w a l l  are sloped t o  provide a 
tapered inner  volume f o r  animal o r i e n t a t i o n  and posi t ioning.  The s loping  
s ides  shown i n  f i g u r e  15 conform wi th  the  CM f l o o r  and w a l l  geometry behind 
t h e  crew couches. The recovery capsule  environmental con t ro l  subsystem is  shown 
as a separa te  module which plugs i n t o  t h i s  pressurized s t r u c t u r e .  

The plug-in recovery capsule  environmental con t ro l  subsystem i s  used 
during the  24-hour recovery per iod ,  s t a r t i n g  wi th  the  p r i m a t e s  en te r ing  t h e  
recovery capsule ,  u n t i l  t h e  primate i s  re leased  from the  capsule  i n t o  an 
i s o l a t i o n  environment on e a r t h .  Figure 16 is  a schematic of  t he  recovery 
capsule  environmental con t ro l  system. The recovery capsule  environmental 
cont ro l  subsystem provides appropr ia te  con t ro l s  f o r  t h e  environmental param- 
e ters  o f  humidity, temperature,  carbon d ioxide ,  trace gases,  oxygen compo- 
s i t i o n ,  t o t a l  p ressure  , and p a r t i c u l a t e  f i l t r a t i o n .  

The recovery capsule  ECS opera tes  i n  th ree  bas i c  modes. It opera tes  
while a t tached  t o  t h e  spacec ra f t ,  where spacecraf t  commands and e lec t r ica l  
se rv i ces  are ava i l ab le .  
t h e  spacecraf t  and Command Module, where e l e c t r i c a l  s e rv i ce  i s  suppl ied by 
a t e t h e r ,  umbilical  o r  a plug-in b a t t e r y  u n i t  brought from the  command module. 
And the  t h i r d  mode is opera t ion  aboard t h e  command module. 

The second mode is  opera t ion  during t r a n s i t  between 

The f i r s t  mode of opera t ion  is  i n i t i a t e d  remotely from a ground command, 
The Recovery Capsule ECS oxygen shutoff  valve is  opened and the  c i r c u l a t i o n  
f an  is  ac t iva t ed .  Opening the  shutoff  va lve  allows t h e  t o t a l  p ressure  reg- 
u l a t o r  t o  provide make up gas t o  t h e  environment as required by demand. 
Atmosphere s torage  i s  accomplished by t h e  use of  a high-pressure gas  s torage  
b o t t l e .  

The f a n  c i r c u l a t e s  t he  atmosphere through t h e  evaporator and t h e  hea t  
exchanger, ne i the r  o f  which provides a usefu l  func t ion  during i n i t i a l  phases 
of  the  recovery operat ion.  The c i r c u l a t i n g  atmosphere e n t e r s  t he  Recovery 
Capsule, mixes wi th  t h e  atmosphere, and r e tu rns  t o  t h e  RC/ECS through the  
second disconnect.  From t h e  disconnect t h e  flow e n t e r s  t he  contaminant 
removal f i l t e r ,  which performs t h e  following funct ions:  a mechanical 
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f i l t e r  provides p a r t i c u l a t e  f i l t r a t i o n  of t h e  atmosphere as the  f i r s t  process 
of p u r i f i c a t i o n  of t h e  t o t a l  gas flow; f i l t r a t i o n  is followed by f u l l  atmos- 
phere flow through an  a c t i v a t e d  and impregnated charcoal bed t o  remove odors 
and most trace gases ;  pa r t i a l  flow of t h e  c i r c u l a t i n g  gas i s  d i r e c t e d  t o  
s i l i c a  g e l  bed, f o r  humidity c o n t r o l ,  arranged i n  p a r a l l e l  wi th  a l i t h ium 
hydroxide bed, f o r  carbon d ioxide  con t ro l .  

The d e s c r i p t i o n  presented up t o  t h i s  po in t  r ep resen t s  the  recovery 
capsule ECS opera t ion  while the recovery capsule i s  s t i l l  located aboard the 
spacec ra f t ,  and p r i o r  t o  a s t ronau t  EVA. When the  as t ronaut ,  performing EVA, 
r ead ie s  the  recovery capsule fo r  t r a n s f e r  t o  the  Apollo Command Module, the  
a s t ronau t  must perform the  following a c t i v i t i e s  t o  ready the  ECS for the  
second mode of operation. 

The e l e c t r i c a l  service t o  t h e  Recovery Capsule ECS must be t r ans fe r r ed  
from the  spacec ra f t  t o  t h e  e l e c t r i c a l  umbi l i ca l / t e the r  o r i g i n a t i n g  i n  t h e  
CM. Concurrently, t he  a s t ronau t  manually over r ides  t h e  e l e c t r i c a l  solenoid 
a c t i v a t e d  oxygen shutof f  va lve  such t h a t  t h e  shutof f  remains i n  t h e  open 
pos i t i on  even without e l e c t r i c a l  power appl ied .  The same over r ide  opera t ion  
described can be used t o  open the  evaporator shutof f  va lve ,  thus  enabling 
the  water evaporator t o  provide thermal con t ro l  whi le  t he  recovery capsule 
i s  i n  t r a n s i t  t o  t h e  CM. Thermal con t ro l  p r i o r  t o  t h i s  phase o f  recovery 
w a s  accomplished by conduction t o  t h e  spacec ra f t .  
is i n  t r a n s i t ,  t h e  c i r c u l a t i n g  gas flowing through t h e  evapora to r . i s  cooled 
by convective hea t  t r a n s f e r  t o  t h e  low-pressure water evaporation system. 
The temperature of  evaporation is  con t ro l l ed  by t h e  backpressure r egu la to r .  
The r egu la to r  maintains a f ixed  evaporator p re s su re  of 0.35 p s i a ,  cor re -  
sponding t o  a 70°F s a t u r a t i o n  temperature,and i n  s o  doing con t ro l s  not  only 
t h e  temperature t o  allowable l i m i t s  bu t  can accommodate f a i r l y  l a r g e  v a r i -  
a t i o n s  i n  hea t  r e j e c t i o n  requirements. During the  t r a n s i t  phase, t h e  hea t  
exchanger and secondary f a n  are s t i l l  inopera t ive .  

While t h e  recovery capsule 

The t h i r d  and f i n a l  mode of opera t ion  begins as t h e  recovery capsule  is 
stowed aboard t h e  Command Module. As the Comniand Module i s  repressur ized  
t o  5 p s i a ,  t h e  water evaporator no longer provides thermal con t ro l  because 
of  t h e  increase  i n  evaporator backpressure. The heat exchanger and the 
secondary f a n  are used t o  provide thermal con t ro l  during t h i s  f i n a l  recovery 
phase. 
hea t  exchanger t o  a f f e c t  temperature con t ro l  during th i s  f i n a l  recovery 
phase. 
t h e  recovery capsule.  

The atmosphere wi th in  t h e  command module is c i r c u l a t e d  through the 

This  method of  cool ing  i s  used u n t i l  t h e  primate i s  removed from 

The recovery capsule  includes a purge valve used only i n  t h e  event that  
a deceased primate is t o  be i s o l a t e d  from t h e  second primate and t h e  recovery 
capsule atmosphere vented t o  space. The purge va lve  would remain open u n t i l  
t h e  arr ival  of  t h e  EVA a s t ronau t .  Upon disconnect of  the e lectr ical  service 
from the spacec ra f t ,  t h e  solenoid valve would c l o s e  and remain closed during 
t h e  remainder of t h e  recovery opera t ion .  
t h e  p o s s i b i l i t y  of a s t ronau t  and/or CM contamination. 

Closure i s  d e s i r a b l e  t o  preclude 
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The instrumentation package shown i n  f i g u r e  16 monitors the  following 
parameters: 

(1) Oxygen pressure  
(2)  Water quant i ty  
(3 )  Fan speed 
(4) Secondary fan speed. 

The inclusion of t h i s  element i s  not t o  s a t i s f y  r e l i a b i l i t y  pe r  se, but  

The Recovery Capsule ECS i s  f i l l e d  with high-pressure oxygen and 
r a the r  t o  v e r i f y  opera t iona l  readiness  of t he  ECS p r i o r  t o  the  t i m e  of 
recovery. 
water a t  t i m e  of  launch. 
s torage  period p r i o r  t o  t h e  24 hour opera t iona l  recovery period. 
o f  course,  poss ib le  during t h i s  t i m e .  

Both expendables must be re ta ined  during a one-year 
Leakage is ,  

The parameters o f  pressure  and quan t i ty  a r e  monitored during the  one 

When the  Recovery Capsule ECS is i n i t i a t e d ,  t he  fan speed ind i -  
year s torage  period t o  eva lua te  the  condi t ion  of readiness  a t  t i m e  of re- 
covery. 
c a t o r s  provide the  f i n a l  assessment of r e l i a b l e  operat ing condi t ions.  

The r e l i a b i l i t y  ana lys i s  i nd ica t e s  t h a t  even with nonoperating u n i t s ,  
s a f e  recovery of t he  pr imates  can be achieved by use of a s i n g l e  ECS shared 
by the  two recovery capsules ,  o r  by a spare replacement brought along i n  the  
CM a t  the  t i m e  of recovery. Without a monitoring func t ion  aboard the  ECS, 
t h e  exact s t a t u s  o f  the  u n i t  is  not known u n t i l  t he  recovery opera t ion  has 
been i n i t i a t e d .  The recovery opera t ion  could be g r e a t l y  s impl i f ied  i f  t he  
s t a t u s  of the  ECS u n i t s  i s  known severa l  weeks i n  advance, and EVA operat ing 
procedures modified accordingly.  

The ind iv idua l ,  sel f -contained ECS concept allows the  ECS t o  be removed 
as an  e n t i t y  from the  Recovery Capsule, and replaced i f  necessary. 
replacement could even be accomplished a t  t h e  t i m e  of recovery by the  EVA 
a s t ronau t ,  I f  replacement is not  poss ib le ,  both recovery capsules  may be 
connected t o  a s i n g l e  ECS as s t a t e d  above. 
when operat ing a t  twice load, i s  only i n  temperature and humidity con t ro l  
while i n  the  CM. 
without degradat ion during th i s  contingency mode. 

recovery. 

The 

The degradation of performance, 

Oxygen and carbon dioxide con t ro l  w i l l  be accomplished 
The se l ec t ed  approach 

provides t h e  g r e a t e s t  f l e x i b i l i t y ,  pr imate  s a f e t y ,  and r e l i a b i l i t y  of . .. 

The i n t e r i o r  o f  t he  capsule  shown i n  f i g u r e  15 is designed t o  o r i e n t  
the animal i n  t h e  des i r ed  supine pos i t i on  f o r  r een t ry .  This same supine 
a t t i t u d e  a l s o  pos i t i ons  h i s  f e e t  and arms away from the  capsule  door t o  ease 
the  c los ing  operat ion.  T h i s  o r i e n t a t i o n  is  accomplished by placing a port-  
ho le  i n  t h e  f a r  corner  o f  t he  capsule  and by s loping t h e  w a l l s ,  so t h a t  t he  
p r i m a t e  cannot look through t h e  po r t  ho le  unless  he  is i n  the  proper pos i t ion .  
I n  add i t ion ,  two handlebars are loca ted ,  one f o r  h i s  hands and one f o r  h i s  
feet, t o  f u r t h e r  pos i t i on  him i n  a na tu ra l  pos i t i on  of  fac ing  upward. The 
window may be  exposed t o  space a t  t h e  t i m e  he e n t e r s  t he  capsule  t o  give him 
an  ou t s ide  view, o r  i t  may be found by test t h a t  it should be covered by 
in su la t ion  p r i o r  to t he  EVA recovery t a sk .  The in su la t ion  cover i n  such a 
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case could be painted wi th  some a t t r a c t i v e  design and i l luminated by a s m a l l  
bulb placed between t h e  g l a s s  panes t o  a t t r a c t  t h e  p r i m a t e  i n t o  the  des i red  
pos i t ion .  

and a t t r a c t ,  i f  des i r ed ,  t he  p r i m a t e  t o  t h e  proper pos i t i on  f o r  c l o s i n g  the  
capsule door and f o r  observat ion during t h e  r e e n t r y  mode. While i t  i s  f e l t  
t h a t  t h i s  window should be en t i c ing  t o  the  p r i m a t e ,  it can be de l e t ed  i f  t he  
opposi te  e f f e c t  i s  noted during tests, 
f o r  removal by the as t ronau t  a t  h i s  d i s c r e t i o n .  

The primary purpose of t h e  por t  ho le  i s  t o  enable the  a s t ronau t  t o  observe 

It could a l s o  be provided wi th  a cover 

An add i t iona l  f e a t u r e  of t h e  window is  r e l a t e d  t o  i n f l a t i o n  of cushions.  
Should tests ind ica t e  t h a t  an  i n f l a t a b l e  cushion o r  back rest i s  des i r ed ,  it 
could be e a s i l y  incorporated and s tored  p r i o r  t o  use i n  t h e  w a l l  o f  t h e  
capsule.  When t h e  a s t ronau t  looks through t h e  window and sees t h a t  t h e  
animal i s  i n  the  proper pos i t i on ,  he would i n f l a t e  t he  cushion behind the  
monkey. 
pos i t i on  i s  el iminated.  The cushion w i l l  not  i n t e r f e r e  wi th  t h e  a i r  p o r t s  
because the  f r e s h  a i r  i n l e t  f o r  t he  capsule  i s  located behind a l a r g e  mesh 
panel near  t he  po r t  ho le ,  and t h e  a i r  o u t l e t  i s  located behind a l a rge  mesh 
panel behind t h e  handlebar g r i p  f o r  h i s  f e e t .  

I n  t h i s  way t h e  p o s s i b i l i t y  of smothering the animal due t o  improper 

To s a t i s f y  t h e  above requirements t he  in s ide  of  t h e  capsule  and door 
w i l l  remain sealed and unexposed t o  t h e  animal. o r  cage p r i o r  t o  t h e  recovery 
opera t ion ,  s ince  contamination o r  damage of these  c r i t i ca l  seals would most 
l i k e l y  occur upon repeated exposure. The v a u l t  type door se l ec t ed  provides 
a continuous seal  and animal i n s e r t i o n  a s s i s t a n c e  with a s i m p l e  ac tua t ion  
mechanism and a hinge which is  not exposed t o  t h e  cage. It a l s o  in t eg ra t e s  
w e l l  wi th  the  moving w a l l  device t o  f o r c i b l y  move a l i v i n g  o r  deceased a n i -  
m a l  i n t o  t h e  capsule.  
e x t e r i o r  door can be e a s i l y  a t tached  t o  t h e  primary door. Th i s  second door 
serves  as a seal between t h e  capsule  door and the  cage during t h e  one year 
mission and thus  keeps t h e  primary door su r face  and its "0" r i n g  seals f r e e  
of  contamination o r  animal damage. When t h e  capsule  i s  removed during EVA, 
t h i s  second door i s  au tomat ica l ly  re leased  from t h e  p r i m a t e  door and remains 
la tched  i n  p lace ,  thus c los ing  o f f  t h e  cage opening. This  prevents  d e b r i s  
from f l o a t i n g  out  of t h e  cage and a l s o  e l imina tes  t h e  need f o r  adding a con- 
taminat ion cover t o  t h e  capsule .  

Due t o  the  smooth e x t e r i o r  o f  t h i s  door,  a second 

The recovery capsule  i s  removed by the  a s t ronau t  during EVA a f t e r  being 
i n  space f o r  one year .  
t o  prevent t he  loss of atmosphere across  a 14.7 p s i  p ressure  d i f f e r e n t i a l .  
Thus the  seals and attachment mechanism are required t o  be easy t o  release 
and extremely r e l i a b l e .  
The hatch l a t ches  are very simple devices  mounted on the  capsule  s t r u c t u r e .  
To release them, t h e  a s t ronau t  t u rns  each o f  four  handles 90 degrees  by 
exe r t ing  a reasonable torque,  which can be set a t  t h e  t i m e  of i n s t a l l a t i o n .  
With t h i s  design it would be impossible f o r  t h e  a s t ronau t  t o  generate  enough 
torque t o  release t h e  handles ,  i f  t h e  spacecraf t  i n t e r n a l  pressure  had not 
been vented t o  space. This  is a s a f e t y  f e a t u r e  as it would be very  dangerous 
t o  release t h e  capsule  while  t h e  spacecraf t  w a s  p ressur ized ,  s i n c e  a fo rce  of  
approximately 5,000 pounds would separa te  the  capsule from the spacecraf t  

It  is a t tached  and sealed t o  the  primate spacecraft 

Fastening devices  se l ec t ed  are cam type ha tch  latches,  
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These same l a t ches  serve  t o  a t t a c h  t h e  capsules t o  t h e i r  s torage  mounting 
plates located i n  t h e  CM. The CM mounting p l a t e  a l s o  serves  as an  add i t iona l  
pressure  cover t o  prevent any capsule  leakage. 
would have e l e c t r i c a l  i n t e r f a c e  connectors a t tached  the re to  t o  automatical ly  
provide i n t e r f a c e  hookups. 
complished by r e l eas ing  t h e  EVA la tches .  
by unbolting t h e  mounting plates from the  CM t o  r e t a i n  the  added pressure 
p l a t e  seal, u n t i l  t h e  capsule  w a s  de l ivered  t o  the labora tory  f o r  animal 
remova 1. 

This  mounting plate/cover  

Rapid capsule  removal from t h e  CM could be ac- 
Normal removal would be accomplished 

Should a specimen d i e  during the  mission, it is  des i r ab le  that he be 
moved in to  the  recovery capsule.  
be vented t o  space,  thereby vacuum preserving the  specimen f o r  examination 
upon r e tu rn  t o  e a r t h .  

Af t e r  s ea l ing  o f f  t he  capsule ,  it would 

I f  the  animal 's  terminal i l l n e s s  were de tec ted  i n  t i m e ,  a dec is ion  could 
be made t o  move him i n t o  the  recovery capsule p r i o r  t o  death.  
ease the  capsule e n t r y  problem i f  he would cooperate during t h i s  task.  
s ea l ing  the  capsule door,  the vent ing opera t ion  would be performed. 
he be incapable of a s s i s t i n g  i n  h i s  t r a n s f e r  t o  the  capsule,  the  in se r t ion  
would have t o  be forced. I n  order  t o  force  the  animal i n t o  the  capsule,  a 
moving w a l l  or cage-sweeping device i s  requi red .  
f i gu re  1 7  and m u l d  move the specimen t o  the  opening of the  capsule a t  the  end 
of the  cage. I n  t h i s  pos i t i on  the  previously opened capsule door swings along 
the  moving w a l l ' s  sur face  t o  ge t  behind the  specimen and push him i n t o  the 
capsule.  Should the  specimen's t a i l ,  foo t ,  o r  hand get  caught i n  the  door,  
the  following procedures could be employed: 

This would 
After  

Should 

This device i s  shown i n  

(1) Recycle door a c t i o n ,  par t ia l  o r  f u l l  s t roke .  This  should accomplish 
the job s ince  specimen i s  j u s t  f l o a t i n g  and the  odds favor prompt c losure .  

(2) Back door o f f  s l i g h t l y  and put spacecraf t  i n  a slow r o t a t i o n ,  
which w i l l  move specimen t o  f a r  end of  capsule  and allow door t o  c lose .  

(3) Back door of f  s l i g h t l y  and open t h e  capsule  vent  t o  space. The 
rush of  a i r  through capsule  door should draw i n  t h e  extremity and move the  
p r i m a t e  t o  t h e  vent  screen a t  the  f a r  end of t he  capsule ,  

Note: 
e n t i r e  spacecraf t  and could a f f e c t  t he  o the r  p r i m a t e ,  depending on the  drop 
i n  pressure. 

This  last method w i l l  reduce t h e  atmospheric pressure of t he  

The ECS atmospheric supply w i l l  make up the l o s t  a i r .  

Advance developmnt areas: The major ques t ion  remaining on the  recovery 
capsule  i s  the  s i z e ,  shape, weight allowance and loca t ion  ava i l ab le  in s ide  the  
CM fo r  the  r e e n t r y  mode ( r e f .  6 ) .  Natural ly ,  t h i s  requirement could pose a 
se r ious  c o n s t r a i n t  on the  s i z e  and conf igura t ion  of  the  recovery capsule,  i t s  
environmental con t ro l  system, and could i n  f a c t  a f f e c t  the con t ro l  spacecraf t  
i t s e l f .  
p r i o r i t y  i n  the next phase of  the  program. 

The r e s o l u t i o n  of t h i s  unknown should thus rece ive  the  h ighes t  
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Figure 17. - Recovery capsule door closure approach 

Preliminary equipment l i s t :  Table 18 l i s t s  the  major equipment i t e m s ,  
o the r  than the  environmental con t ro l  system which is  l i s t e d  i n  Component 
Descriptions,  ( r e f .  9 ) .  

TABLE 18. - RECOVERY CAPSULE PRELIMINARY EQUIPMENT LIST 

VOL I11 
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P a r t  No. 

New 

New 

New 

102152-11 

New 

New 

Quantity p e r  
spacec ra f t  

2 

2 

2 

2 

2 
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Thermal Control  

The purpose of t he  Thermal Control  Subsystem is  t o  e s t a b l i s h  a balance 
between the  i n t e r n a l  hea t  generat ion i n  the  spacecraf t  and the  ex te rna l  so l a r ,  
planetary,  and albedo r ad ia t ion ,  such t h a t  the  equipment and primates remain 
a t  temperature conducive t o  successfu l  execution of the  spacecraf t  mission. 
Figure 18 schematical ly  i l l u s t r a t e s  the  func t ion  of t h i s  subsystem. Mission 
success  and primate s a f e t y  g r e a t l y  depend upon the  Thermal Control Subsystem. 
Therefore, the  design of the Thermal Control  Subsystem r e f l e c t s  the  r e l i a b i l i t y  
required f o r  a successfu l  mission. 

Thermal c o n t r o l  requirements. - The Thermal Control  Subsystem provides 
h e a t  r e j e c t i o n  and con t ro l  f o r  the  environmental con t ro l  subsystem of 
the  L i f e  Support System as w e l l  as the  e l ec t ron ic  subsystems incorporated 
w i t h i n  the  spacecraf t .  
follows: 

Requirements f o r  t h i s  subsystem may be summarized as 

(1) S h a l l  have a l i f e  of one year  

(2) S h a l l  be capable of handling hea t  loads and va r i a t ions  while 
maintaining temperatures within cur ren t  design l imi t a t ions  

(3) S h a l l  con t ro l  the  l i f e  c e l l  e f f e c t i v e  temperature wi th in  l i m i t s  of 
73 5 4°F (dry bulb temperature tolerance i s  even smaller)  fo r  an a i r  v e l o c i t y  
of t e n  f e e t  p e r  minute 

(4) Maintain temperatures of the s p a c e c r a f t ' s  system wi th in  l i m i t s  during 
checkout, prelaunch and launch phases. 

Thermal c o n t r o l  desc r ip t ion  and performance. - Due t o  the  d i f f e r e n t  temper- 
a t u r e  requirements imposed by the  L i f e  Support System and the e l e c t r o n i c s  
located outs ide  the  pressurized por t ion  of the  spacecraf t ,  the  Thermal Control  
Subsystem i s  divided i n t o  two subsystems - the  ac t ive  thermal con t ro l  subsys- 
t e m  and the  passive thermal c o n t r o l  subsystem. 

Active thermal con t ro l  subsystems: Due t o  the  s t r i c t  temperature l i m i t s  
imposed by the  L i f e  Support System, an a c t i v e  thermal con t ro l  subsystem has 
been se l ec t ed  t o  handle the  hea t  r e j e c t i o n  requirements from the  L i f e  Support 
System. The system described below i s  a base l ine  system which includes only 
hardware components necessary t o  perform a l l  €unctions previously se lec ted  by 
t r ade  s t u d i e s  analyses.  This system shown i n  f igu re  19 does not include 
redundant provis ions o r  a l t e r n a t e  modes of opera t ion  t h a t  may be required as a 
r e s u l t  of r e l i a b i l i t y  evaluat ions.  

Thermal c o n t r o l  is accomplished using a l i qu id  coolant  loop. The s e l e c t i o n  
i s  based upon the  following c r i t e r i a :  low power, s e n s i t i v e  con t ro l  response, 
and f l e x i b i l i t y  t o  va r i a t ions  i n  heat  r e j e c t i o n  requirements. The coolant  
flow r a t e  s e l e c t i o n  is shown i n  f igu re  20 with the  condenser and hea t  exchanger 
arranged i n  s e r i e s .  The des ign  flow i s  es tab l i shed  a t  225 pound per  hour, 
based upon FC-75 as the  coolant.  The dashed l i n e  i n  the  f igure  corresponds t o  
minimum thermal r e j e c t i o n  and f a l l s  below the  minimum condenser o u t l e t  tempera- 
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Figure 18. - Thermal control subsystem block diagram 

ture .  However, t h i s  condi t ion  i s  s a t i s f a c t o r y ,  s ince  the  l a t e n t  load i s  low 
( r e s u l t i n g  i n  a lower dewpoint) and the  coolant  flow i s  d i r ec t ed  t o  bypass the  
heat  exchanger, s ince  the  condenser provides a l l  required sens ib l e  cool ing.  
Under condi t ions  of h igher  loads,  the  coolan t  temperature of t he  condenser 
o u t l e t  increases  with increas ing  l i f e  c e l l  dewpoint, and the re fo re  precludes 
the  p o s s i b i l i t y  of condensation i n  the  hea t  exchanger. 

S ign i f i can t  c r i t e r i a  f o r  s e l e c t i o n  of a p a r t i c u l a r  coolant  are low pumping 
power and low f reez ing  point .  Af t e r  eva lua t ion  and d e t a i l e d  ana lys i s  of t he  
r a d i a t o r  i t s e l f ,  FC-75 w a s  s e l ec t ed  as the  coolan t  f o r  t h i s  app l i ca t ion .  The 
s e l e c t i o n  w a s  based i n  p a r t  upon r a d i a t o r  temperature c o n t r o l  using regenera- 
t i v e  techniques,  The desc r ip t ion  of t he  two most appl icable  approaches, bypass 
and regenerat ive,  was presented i n  the  Thermal Control  Trade Study and the 
ECS Thermal Management Trade Study ( r e f .  6 ) .  

Included i n  the  thermal con t ro l  coolant  loop assembly are e i g h t  d i f f e r e n t  
components, f i v e  of which a r e  d i r e c t l y  der ived from e x i s t i n g  spacecraf t  hard- 
ware i t e m s .  

The pump assembly provides the  flow and pressure head requirements f o r  
FC-75 c i r cu la t ion .  
accumulator. The accumulator provides a small  reserve  of coolant  t o  compen- 
s a t e  f o r  leakage and f o r  thermal expansion. The accumulator includes a spr ing 
and bellows combination f o r  p re s su r i za t ion  of the coolant  loop and t o  provide 
a n e t  pos i t i ve  suc t ion  head a t  t he  pump i n l e t .  

The pump assembly c o n s i s t s  of  a c e n t r i f u g a l  pump and an 
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Figure 19. - Baseline active thermal control subsystem 
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From the  pump assembly, the  coolant  flows t o  the  regenerator  where the  
f u l l  coolant  flow passes through the  regenerator  and is  d i rec ted  t o  the  space 
r ad ia to r .  The r a d i a t o r  cmsists of 20 square f e e t  of sur face  with two tubes 
running along the  circumference of the  spacecraf t  ex t e r io r .  A € i n  e f f i c i ency  
of 90% was imposed on the  r a d i a t o r  design. A r e l i e f  valve located a t  the  
r a d i a t o r  coolant  o u t l e t ,  se rves  a s  pro tec t ion  aga ins t  s t r u c t u r a l  damage due 
t o  overpressurizat ion.  The check valve opera tes  i n  conjunction with the  two 
ground serv ice  couplings.  During ground t e s t i n g ,  the r a d i a t o r  w i l l  be inef fec-  
t i v e  a s  a heat  s i n k  and a ground cooling se rv ice  c a r t  w i l l  be necessary t o  
provide the  heat  s ink  funct ion.  Coolant from the  se rv ice  cart w i l l  e n t e r  the  
coolant  loop through the  se rv ice  coupling downstream of the  check valve. The 
check valve w i l l  be closed because of the  higher  pressure a t  the  entrance of 
the  coolant  loop. Coolant w i l l  be c i r cu la t ed  by a pump i n  the  se rv ice  car t .  
Af t e r  passing through the  spacecraf t  loop, the  coolant  w i l l  r e tu rn  t o  the  
se rv ice  cart  through the  se rv ice  coupling located upstream of the check valve.  
The warm FC-75 w i l l  then be cooled p r i o r  t o  r e t u r n  t o  the  spacecraf t .  

A water evaporator is  included f o r  use during the  3 hour period a f t e r  
l i f t o f f  and i n j e c t i o n  i n t o  o r b i t  when the  space r a d i a t o r  w i l l  be nonoperative 
due t o  the  thermal shrouding e f f e c t  of the  SLA andlor  ATM Rack. The water  
evaporator is  a self-contained u n i t  composed of a wick-type evaporator,  back- 
pressure regula tor ,  water r e se rvo i r ,  and s ta r t  valve.  The r e se rvo i r  conta ins  
three  pounds of water, s u f f i c i e n t  f o r  a minimum of three  hours of operat ion.  

A vernatherm valve is  used t o  con t ro l  the  coolan t  temperature flowing t o  
The wax-sensing the  condenser. 

element i s  i n  int imate  contac t  with the  coolan t  flowing t o  the  condenser. 
the  sensed temperature i s  l e s s  than the  55'F des i red ,  a por t ion  of the  coolan t  
from the  r a d i a t o r  is  warmed by flowing through the  regenerator .  
coolant  i s  then mixed wi th  the  coolant  from the  r a d i a t o r  o u t l e t ,  thus achiev- 
ing a mixed temperature c l o s e r  t o  55'F. 
temperature p r i o r  t o  the  condenser becomes higher  than 55'F, less warm 
coolant  from the  regenerator  i s  mixed wi th  the  r a d i a t o r  re turn ,  thus lowering 
the  condenser i n l e t  temperature. 

The valve opera tes  i n  the  following manner. 
I f  

The warmed 

On the  o the r  hand, i f  the  sensed 

The design flow of 225 pounds/hour of FC-75 coolant  s a t i s f i e s  the condi t ions 
of hea t  r e j e c t i o n  shown i n  t a b l e  19 and noted previously on f igu re  20. 

Figure 21  p resen t s  t he  base l ine  sys t em as augmented f o r  r e l i a b i l i t y  pur -  
poses. Two bas i c  redundancy approaches a r e  i l l u s t r a t e d .  The pump assemblies 
a r e  i l l u s t r a t i o n s  of the  f i r s t  approach. 
monitoring devices  which i n t e r p r e t  t he  performance of an opera t ive  o r  non- 
operat ing component and provide appropriate  con t ro l  s i g n a l s  i n  the  event of 
f a i l u r e .  

The standby u n i t s  are ac t iva t ed  by 

The second redundancy approach involves the  coolant  loop and s p e c i f i c a l l y  
the  r ad ia to r ,  It i s  q u i t e  un l ike ly  t h a t  t he  r a d i a t o r  would f a i l  except due 
to  a penet ra t ion  of a meteoroid. Such a penet ra t ion  would r e s u l t  i n  coolant  
leakage and eventua l ly  loss of  thermal c o n t r o l  and the l i f e  support  system. 
A monitoring system is  provided which insures  t h a t  any leakage is  de tec ted ,  
a new r a d i a t o r  coolan t  path is enabled, and the  coolan t  loop r e f i l l e d  wi th  
coolan t ,  
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TABLE 19. - LIFE SUPPORT SYSTEM 
THERMAL LOADS 

Minimum 

Sens ib le  
( nonc ond ens ing 

he a t  exchanger) 
Latent  

( c o ndens e r )  

392 B t u / h r  80 Btu/hr 

Average 

Ac t ive  

During checkout of the  e l ec t ron ic s  on the  ground, dry  ni t rogen a t  a tem- 
pera ture  of 70 C 10°F w i l l  be c i r cu la t ed  between the  shroud and the  spacecraf t  
t o  absorb the  hea t  d i s s ipa t ed  by the  e l e c t r o n i c s  during operat ion,  

897 92 

920 20 1 

The use of redundant pump assemblies r equ i r e s  t h a t  the  performance of the  
pump i n  se rv i ce  be v e r i f i e d .  
rise across  the  pump by the  pump pressure d i f f e r e n t i a l  transducer.  
t h e  d i f f e r e n t i a l  pressure approach 0, ind ica t ing  a loss of power, o r  a f a i l u r e  
of the  motor assembly, standby pump assembly i s  automatical ly  enabled. 

This i s  accomplished by sensing the  pressure 
Should 

The penet ra t ion  of the  r a d i a t o r  by a meteoroid i n i t i a t e s  an e n t i r e l y  d i f -  
f e r e n t  sequence of events,  assuming the  hole  i s  l a rge  enough t o  allow a l l  
coolant  t o  l eak  from the  r a d i a t o r  i n  a r e l a t i v e l y  s h o r t  time. A s  the  coolant  
leaks  from the  system, t he  f i r s t  s i g n i f i c a n t  b i t  of da t a  processed by the  
pumplradiator c o n t r o l  is the  r e c e i p t  of a low l e v e l  alarm from the accumulator 
quant i ty  t ransducer  i n  the  pump assembly. The second b i t  of informative da t a  
i s  the  reduct ion i n  pump pressure d i f f e r e n t i a l  which i s  monitored by the  pump 
pressure d i f f e r e n t i a l  transducer.  The f i n a l  da t a  received by the pump/radiator 
c o n t r o l  is  t h a t  t he  t o t a l  pressure i n  the  coolant  system, detected by the  p r e s -  
sure  sensor,  i s  approaching zero.  The coincidence of these  three  b i t s  of da t a  
provide log ic  t o  the  c o n t r o l l e r  which i n i t i a t e s  the  following ac t ion .  Power 
t o  the  operat ing pump i s  in te r rupted  t o  prevent poss ib le  damage during high- 
speed, no-load operat ion,  o r  t o  prevent poss ib le  damage t o  the  r o t o r  upon 
r e f i l l  of the  coolant  while the  r o t o r  i s  a t  high speed. The c o n t r o l l e r  com- 
mands the  composite r a d i a t o r  c o n t r o l  valve t o  be actuated.  The ac tua t ion  of 
t h i s  valve performs the  following func t ions  simultaneously: c loses  the  r ad i -  
a tor  coolan t  pass j u s t  penetrated by a meteoroid, opens the  a u x i l i a r y  coolan t  
path i n  the  r a d i a t o r  t o  coolan t  flow; and opens valve t o  allow coolant  i n  the  
r e se rvo i r  t o  flow i n t o  the  coolan t  loop, thus recharging the  coolan t  loop. 
The r e se rvo i r  i s  pressurized from the  n i t rogen  tank located i n  the  ECSIWMS 
Subsystem by the  coolan t  p re s su r i za t ion  r e g u l a t o r l r e l i e f ,  
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Passive thermal c o n t r o l  subsystem: A passive system has been se l ec t ed  
f o r  the  thermal c o n t r o l  of t he  e l ec t ron ic  equipment ou t s ide  the  pressurized 
area.  Thermal con t ro l  coa t ings ,  PVlOO and C.at-A-Lac Black, w i l l  be  used on 
the  r ad ia t ing  sur face  wherever necessary t o  o b t a i n  the required hea t  re jec-  
t i o n  capab i l i t y .  Thermal i n s u l a t i o n  w i l l  be  used t o  reduce hea t  l o s ses ,  T h i s  
system w i l l  provide maximum r e l i a b i l i t y  and minimum c o s t  and time schedule. 
The e l ec t ron ic s  which continuously generate  hea t  w i l l  be a t tached t o  panels,  
which w i l l  i n  t u r n  r a d i a t e  t h i s  hea t  i n t o  space, 
e l ec t ron ic s  w i l l  be a t  75 k 35'F. 

The temperature of these  

The thermally c r i t i c a l  e l ec t ron ic  equipment, i l l u s t r a t e d  i n  t a b l e  20 ,  can 
be con t ro l l ed  wi th in  t h e i r  temperature l i m i t s  through the  use of varying rad i -  
a t o r  temperatures p lus  thermal i n e r t i a .  The temperature f luc tua t ions  c rea ted  
by power t r a n s i e n t s  w i l l  be reduced by increasing the  thermal i n e r t i a  of the  
equipment. The t e l e v i s i o n  t r a n s m i t t e r ' s  TWT poses the  most se r ious  thermal 
con t ro l  problem due t o  i t s  low thermal i n e r t i a  and high power f luc tua t ions .  
It, and o the r  such types of e l ec t ron ic s ,  w i l l  be conductively mounted t o  the  
spacecraf t ,  which w i l l  a c t  as a thermal s ink .  The temperature of t h i s  e lec-  
t ron ic  equipment w i l l  range from 60°F t o  120'F. 

Radiat ive thermal i n s u l a t i o n  w i l l  be used t o  reduce heat  l o s ses  from the  
spacecraf t  and from a l l  e l e c t r o n i c s  located on top of the  spacecraf t .  A 
thickness  of one-half inch of i n su la t ion ,  aluminized mylar separated by 
Dimplar, w i l l  be used t o  l i m i t  thermal losses  t o  75 Btu/hr. 

Advance development areas. - N o  s p e c i a l  development i s  an t i c ipa t ed  f o r  
the Thermal Control  Subsystem, s ince  genera l ly  i t s  mechanization f a l l s  wi th in  
the  present  s t a t e  of the  a r t .  

Preliminary equipment l i s t .  - A preliminary l i s t  of equipment i n  the  
Thermal Control  Subsystem i s  presented i n  t a b l e  21. 

St ruc tu re  and Mechanical 

This  s ec t ion  presents  a desc r ip t ion  of the  Primate Spacecraf t  S t ruc tu re  
and Mechanical Subsystem derived during the  study program. 
ob jec t ive  of t h i s  por t ion  of the  study w a s  t o  develop the  S t ruc tu re  and Mechan- 
i c a l  Subsystem t o  a l e v e l  of d e t a i l  s u f f i c i e n t  t o  assure  compliance with 
mission and program ob jec t ives ,  and t o  e s t a b l i s h  Phase B design c r i t e r i a  fo r  
the  subsequent Phase 2 e f f o r t s .  
e f f o r t s  were d i r ec t ed  toward c r i t i c a l  a reas  of the  primary s t r u c t u r e  such as 
o v e r a l l  concepts,  major j o i n t s  and s e a l s ,  and materials se l ec t ions .  The 
secondary s t r u c t u r e  and most equipment mounting provis ions were examined t o  
a l e s se r  depth.  The mechanical elements examined during the Phase 1 e f f o r t  
were l imi ted  t o  the major separa t ion  and deployment systems, the booster /  
spacecraf t  i n t e r f ace ,  the  Command and Service Module/spacecraft i n t e r f a c e ,  and 
so la r  panel deployment. 

The o v e r a l l  

Consequently, the  main design and a n a l y t i c a l  

A s t r u c t u r a l  concept cons i s t en t  with the general  study and program requi re -  
ments w a s  se lec ted  by a s e r i e s  of t rade s t u d i e s  ( r e f ,  6 ) .  
de ta i l ed  l e v e l  of requirements were then developed with t h i s  concept and used 
t o  e s t a b l i s h  the prel iminary design described i n  t h i s  sec t ion .  

Loads and a more 
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TABLE 20. - NON-CONTINUOUSLY OPERATED ELECTRONIC EQUIPMENT HEAT DISSIPATIONS 
FOR WORST CASE THERMAL CONTROL 

Equipment 

Telemetry 
Transmit ter  

Te lev i s ion  
Transmitter 
1. TWT 

Thermal 
i n e r t i a  
Btu/"F 

0.4 

0.8 

2. Power Supply 1.6 I 

Continuous 
heat d i s s ipa t ion ,  

Btu/hr 

B a  tt cries** 
1. Recharge 

2. Discharge 

Typical 

d i s s i p a t i o n ,  1 i m i  t s  , 
Peak hea t  temperature 

Btu/hr OF 

0 

0 

0 

205* 10 t o  130 
(60 watts) 

240* 10 t o  130 

240* 10 t o  130 
(70 w a t t s )  

45 

45 

* Peaks occurring f o r  10 min /o rb i t / s t a t ion  and no peaks t h e  remainder of 
t he  93.75 minute o r b i t .  

(70 wat ts)  

5 60 560 50 t o  100 
(164 wat ts)  (164 w a t t s )  

( 20 5 w a t t s )  
70 140 ;y.;y.;y. 50 t o  100 ' 

(41 watts)  

** Recharge dur ing  57.94 minute sun exposure and discharge during 35.81 
minute da rk  s ide.  

Suggested 
manufacturer 

Nor th ro  p 
Corporation 

*** Ten minute du ra t ion  during 35.81 minute dark  period 

P a r t  
number 

--- 

TABLE 21 .  - THERMAL CONTROL SYSTEM 
PRELIMINARY EQUIPXENT LIST 

I t e m  

1 

2 

3 

Descript ion 

Insu la  t i ng 
b lankets  

Pa in t  

Pa in t  

7 2  

Finch Pa in t  C a t - A -  
Company 

Weight per 
spacecraf t  

85 lb 
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TABLE 21. - Concluded 

Descr ip t ion  

Tube-fin 
r a d i a t o r  

Suggested 
manufacturer 

Ling-Temco- 
Vought Corp. 

Coolant 

P a r t  
number 

New 

FC-75 M i  nne s o t a 
Mining & Mfg. 
co. 

Weight per  
spacecraf t  

26 l b  

20 l b  

I 

The mechanical elements of t he  subsystem d i d  not  r equ i r e  t h e  synthes is  
and ana lys i s  of a v a r i e t y  of mechanisms since e x i s t i n g  designs o r  hardware 
were r e a d i l y  appl icable .  
s u f f i c i e n t  depth t o  a s su re  the  a b i l i t y  of the  mechanism t o  func t ion  i n  the  
Orbi t ing  Primate Spacecraf t  and t o  determine t h e  ex ten t  of rework necessary 
f o r  t h i s  app l i ca t ion .  

The approach w a s  t o  examine these  components i n  

I n  developing t h e  s t r u c t u r e  and mechanical subsystems, cons idera t ion  was 
One of t he  most given t o  o ther  poss ib l e  app l i ca t ions  o r  t o  growth vers ions .  

l i k e l y  groups of app l i ca t ions  i s  t h a t  i l l u s t r a t e d  i n  f i g u r e  22 where t h e  
s t r u c t u r e  i s  depicted as a modular u n i t  i n  a manner similar t o  the.NASA MSC 
MMM. 

S t ruc tu re  and mechanical subsystem requirements.  - The Primate Spacecraf t  
S t ruc tu re  and Mechanical Subsystem prel iminary des ign  was developed t o  the  
following requirements.  The S t r u c t u r a l  and Mechanical Subsystem w i l l  support  
and p ro tec t  t he  experiment and subsystem elements; and provide the  mechanism 
necessary f o r  separa t ion  from the  launch veh ic l e  f o r  CMS docking, and f o r  
the  deployment of such elements as s o l a r  panels  and antennae. 

The S t ruc tu re  and Mechanical Subsystem s h a l l  be compatible wi th  both the  
Saturn I B  and Sa turn  V launch veh ic l e s ;  however, the  S I B ' s h a l l  be considered 
as t h e  candidate  launch veh ic l e  f o r  t he  base l ine  spacecraf t .  

To f a c i l i t a t e  low cos t  and e a r l y  a v a i l a b i l i t y ,  t he  s t r u c t u r e  s h a l l  use 
e x i s t i n g  and q u a l i f i e d  concepts and elements t o  the  ex ten t  p r a c t i c a l  and be 
compatible wi th  e x i s t i n g  SAA i n t e r f a c e s .  The S t r u c t u r e  and Mechanical Sub- 
system s h a l l  be developed t o  a depth compatible wi th  confident  estimates of 
weight, cos t , . and  development schedules.  

The following d e f i n i t i o n s  were appl ied during the  study: 

(1) C r i t e r i o n  is  a s tandard of judging. For example, c r i t e r i o n  stress 
can mean the  material y i e l d  stress, the  material u l t imate  stress, or  t he  com- 
ponent buckling load or  stress, e tc .  

(2) L i m i t  load is  the  maximum load ca lcu la ted  t o  be experi.enced by the  
s t r u c t u r e  under the  spec i f i ed  condi t ions of opera t ion .  
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Artificial g concept 

LEM descent stage 

primate module attached 

experiment 

Extended duration orbital inspection vehicle 

Two lengthened pressure 
vessels; two compartment 

docking Orbital shuttle 

probe Emergency station 

Figure 22. - Example applications of primate structure 
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(3) The des ign  load i s  the l i m i t  load mul t ip l ied  by the  required minimum 
f a c t o r  of s a f e t y .  

( 4 )  The load f a c t o r  i s  the  f a c t o r  by which the  steady state loads are 
mul t ip l ied  t o  ob ta in  the  equivalent  s ta t ic  e f f e c t  of dynamic loads.  

(5) The f a c t o r  of s a f e t y  i s  def ined as the  r a t i o  of t he  c r i t e r i o n  load 
o r  stress t o  the  l i m i t  load o r  stress. 

(6) The margin of s a f e t y  i s  the  percentage by which the  c r i t e r i o n  load 
or  stress exceeds the  des ign  load or  stress. 

( 7 )  The opera t ing  pressure  i s  the  nominal pressure t o  which the  compo- 
nents  are subjected under s teady s ta te  condi t ions i n  service opera t ions .  

(8) The l i m i t  p ressure  i s  t h e  maximum opera t ing  pressure o r  opera t ing  
pressure  including the e f f e c t  of system environment, such as vehic le  accelera-  
t i o n ,  and so fo r th .  For hydraul ic  and pneumatic equipment, t he  l i m i t  pressure  
w i l l  exclude the  e f f e c t  of surge.  

(9) Combined stresses are def ined as the  stresses r e s u l t i n g  from the 
simultarieous a c t i o n  of such f a c t o r s  as primary stresses, secondary stresses, 
thermal stresses, etc.  

The geometry of t he  S t ruc tu re  and Mechanical Subsystem s h a l l  be compatible 
wi th  t h e  environmental and s t r u c t u r a l  concepts i l l u s t r a t e d  i n  the  referenced 
f igures:  

(1) Launch envelope, f i g u r e  23 

( 2 )  I n - o r b i t  geometry, f i g u r e  24 

( 3 )  Spacecraf t  concept, f i g u r e  25 

(4 )  St ruc tu re  concept, f i g u r e  26 

( 5 )  St ruc tu re  subsystem, f i g u r e  27 

( 6 )  Spacecraf t  Basic Dimensions set f o r t h  i n  Appendix A .  

The weight budget, i temized i n  table 2 2 ,  s h a l l  be used as a guide f o r  t h e  
design of the  primary s t r u c t u r e .  
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Data antenna 
(2 places) 

Life cell 
access panel \ 

Life cells, &\ Television camera 
(2 places) 

-Behavioral panel 

q-.;;;a~.~;ls 
Inverter 

Vent fill valve// \- \Fuse box 

' Water tank 
(2 places) ' I  Nitrogen tank 

Command & control electronics 

Figure 25. - Spacecraft concept 

The requirements imposed on the  s t r u c t u r e  due t o  the  operat ing environment 
are l i s t e d  below. 

(1) Pressurized environment fo r  t he  primates: 14.7 f: 2.0 p . s . i . a .  
The animals can t o l e r a t e  5 t o  20 p . s . i .  

(2) Pressurized volume f o r  the  experiment: 300 cubic  f e e t  

(3) Duration i n  o r b i t :  1 year (design poin t )  

( 4 )  Shielding: 

(a) The maximum ion iz ing  r a d i a t i o n  s h a l l  be 100 rad/year maximum. 
Shielding requirements above t h a t  inherent ly  provided by the  s t r u c t u r e  
as designed t o  s t r eng th  and material requirements w i l l  be appl ied d i r e c t l y  
t o  the cages.. 

(b) Meteroids: p(0) 2 0.995 f o r  1 year .  The s t r u c t u r e  s h a l l  be 
compatible with both zero g and a r t i f i c i a l  g l e v e l s  from 1/6 g t o  1.0 g. 

(5) Materials l i k e l y  t o  produce contaminating vapors o r  p a r t i c u l a t e s  
are to be avoided. 
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Cover assem b I y 

k s e  assembly 

Figure 26. - Structure concept 

( 6 )  Prelaunch access  s h a l l  be provided fo r  the primates and b a t t e r i e s .  

The s t r u c t u r a l  subsystem s h a l l  be compatible wi th  the  access  requirements 
l i s t e d  i n  t a b l e  23. 

The spacecraf t  w i l l  be designed t o  withstand the  n a t u r a l  environments 
def ined i n  the  Master End I t e m  (MEI) Spec i f i ca t ion ,  CP-10000 Orbi t ing  
Primate Spacecraf t  ( r e f .  7). 
per t inen t  t o  the  t o  the s t r u c t u r a l  prel iminary design: 

The following i s  a summary of those i t e m s  

(1) Transpor ta t ion ,  handling and s torage  

(a) Temperature range: -45'F t o  145'F 

(b) Pressure:  3.47 ps ia  t o  sea l e v e l  

(c) Humidity: 0 t o  100% r e l a t i v e  humidity 
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7 Thermal & meteoroid shield 

Docking structure 

Pressure she1 I 

& meteoroid shield) 

Pressure shell base 

framing 

y// LiOH housing 

-a Equ ipmen t covers 
& shielding 9 

Figure 27. - Structure subsystem 

(d) Sunshine, sand and dus t ,  fungus, salt  spray, and ozone as 
defined i n  the ME1 s p e c i f i c a t i o n .  

(2)  Prelaunch 

(a)  Temperature: 70°F k 30°F 

(b) Pressure: sea l e v e l  

(c) Relat ive  humidity: 50 k 10% 

(d) Ground winds: Per KSC wind data at  height  in terva l s  of  10 
t o  400 f e e t .  
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TABLE 22. - PRIMARY SPACECRAFT WEIGHT BUDGET 

I t e m  Target  - 
Pressure S h e l l  Cover Assembly 5 00 

Base S t ruc tu re  Assembly 400 

Miscellaneous f a s t ene r s ,  e t c .  20 

Contingency 

To ta l  

50 

970 

- 

Period 

Allowable 

750 

550 

25 

75 - 
1400 

TABLE 23. - SPACECRAFT ACCESS REQUIREMENTS 

Manufacture and 
ass emb 1 y 

Launch prepara t ion  
(before pressure  s h e l l  main 
seal) 

Launch prepara t ion  ( a f t e r  
pressure  s h e l l  main seal) 

P r  e launch 

EVA i n  o r b i t  

(3) Orbi t  - 
(a) Thermal rad ia t ion :  (see r e f .  7) 

(b) Pressure:  10-13m of Hg 

Sec t ion  
Pressurized Non-pressurized 

A l l  items access ib l e  f o r  assembly, test 
and checkout. 

A l l  i t e m s  fo r  remove and rep lace ,  test 
and checkout, e t c .  

Recovery capsule A l l  unpressurized 
access ,  TV, ECS, i t e m s  
feeders ,  e t c .  

TV, ECS, feeders ,  Tankage, e l e c t r i c a l  
primates,  e t c .  and e l e c t r o n i c  

equipment , RCS, etc. 

None Release and deploy- 
ment mechanisms 
and recovery 
capsules  
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(c) Meteroid: ( r e f .  7 and 14) 

(d) Ioniz ing  r ad ia t ion :  (see r e f .  7)  

( 4 )  Recovery 

CM i n t e r i o r :  (see r e f .  7) 

The stress i n  any element of the  s t r u c t u r e  w i l l  no t  exceed the  allowable 
stress of the  material when subjected t o  u l t imate  loads.  The allowable s t r e n g t h  
of t he  material w i l l  i n  general  be taken from MIL Handbook 5 .  The minimum 
guaranteed va lues  w i l l  be used. However, i n  cases where there  i s  no pronounced 
y i e ld  poin t ,  the  y i e ld  po in t  w i l l  be taken as the 0.2 percent  o f f s e t  value.  
For materials where the  y i e ld  po in t  cannot be e s t ab l i shed ,  t he  s a f e t y  f a c t o r  
aga ins t  u l t imate  w i l l  govern. Strength d a t a  w i l l  include such e f f e c t s  as 
temperature, r a d i a t i o n ,  f a t igue ,  impact, and creep. 

A f ac to r  of s a f e t y  of 1 .5  w i l l  be genera l ly  used f o r  a l l  i ne r t i a - type  
loads bu t  may be reduced t o  1.35 f o r  s p e c i a l  cases. The prelaunch and launch 
loads ( i . e . ,  p r i o r  t o  q max) w i l l  use a load f a c t o r  of 1.15 t o  account f o r  
dynamic e f f e c t s .  Exit  f l i g h t  loads ( i . e . ,  a f t e r  q max) and o r b i t  maneuver loads 
w i l l  use a f a c t o r  of 1 .2  t o  account f o r  dynamic e f f e c t s .  

The pressure  vessel w i l l  be designed t o  withstand a y i e l d  pressure  of 
1 .4  t i m e s  t he  l i m i t  p ressure ,  a n  u l t ima te  pressure  of 2.0 t i m e s  t h e  l i m i t  
p ressure ,  and a proof pressure  of  1 . 3 3  t i m e s  t he  l i m i t  p ressure .  The u l t i -  
mate pressure  combined wi th  f l i g h t  loads w i l l  be 1.5 t i m e s  t he  l i m i t  p ressure .  
High pressure  tanks and accumulators w i l l  be designed t o  withstand a proof 
pressure  of 2 . 0  t i m e s  maximum opera t ing  pressure  and an u l t imate  pressure  of 
4.0 t i m e s  maximum opera t ing  pressure .  
designed t o  withstand a proof pressure  of 1.4 t i m e s  maximum opera t ing  pressure  
and an  u l t imate  pressure  of 2 . 0  t i m e s  maximum opera t ing  pressure .  

The l i q u i d  s to rage  tanks w i l l  be 

Ground Handling loads s h a l l  no t  determine primary s t r u c t u r e  design. How- 
ever ,  a v e r t i c a l  load f a c t o r  of 2.0 w i l l  be appl ied f o r  h o i s t i n g  and l i f t i n g .  
Hoist ing and l i f t i n g  forces  s h a l l  be appl ied wi th in  a cone angle  o f  10" from 
the v e r t i c a l  through the pick-up p o i n t s .  

The s t r u c t u r e  w i l l  be designed t o  withstand the  launch and boost  loads 
given i n  t a b l e  24 f o r  the  r e a c t i o n  and a t t a c h  po in t  geometry def ined by f igu res  
28, 29, and 30. Reaction equat ions are given i n  Appendix B. The spacecraf t  
w i l l  be designed t o  withstand the  t r anspos i t i on  docking loads shown i n  f igu re  
31. The spacecraf t  w i l l  be designed t o  withstand the  loads imposed by the  CSM 
SPS during o r b i t  t r a n s f e r ;  these  loads are shown i n  t a b l e  25. The d e r i v a t i o n  
of the  loads is  given i n  Appendix C. 

The pressure  vessel, w i l l  be designed t o  withstand a l i m i t  p ressure  of 
16.7 p s i a ,  and the  docking c o l l a r  w i l l  be designed t o  withstand t h e  loads 
imposed by t h e  command module i n t e r n a l  pressure  as shown i n  f i g u r e  32. 
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A t  tach  
poin ts  

A & B  

A & B  

A & B  

A & B  

C & D  

C & D  

C & D  

C & D  

C & D  

TABLE 24. - ATTACH POINT LIMIT LOADS 

Condition Design Po in t  Limit Loads 
X 

3500 

21125 

21000 

2660 

8 000 

6700 

2600 

2660 

+goo 

Y 

2300 

2250 

2360 

0 

+200 

2700 

2900 

0 

620 

Lbs) 
z 

2500 

+440 

0 

2620 

2125 

k500 

0 

+6 20 

%40 

St ruc tu re  and mechanical subsystem. - This  sec t ion  presents  a d e s c r i p t i o n  
of t h e  spacecraf t  primary s t r u c t u r e  and the p r i n c i p a l  mechanical devices .  
Secondary s t r u c t u r a l  elements, such as equipment mounting bracketry,  are 
t r ea t ed  only b r i e f l y  s i n c e  d i f i n i t i o n  of t h e i r  c h a r a c t e r i s t i c s  is not  c r i t i -  
cal  t o  the  preliminary design and s ince  t h e i r  s p e c i f i c  requirements w i l l  
l a rge ly  be determined by the  f i n a l  s e l e c t i o n  and arrangement of equipment 
i t e m s  during the  Phase 2 e f f o r t .  
i n  developing the  base l ine  design i s  presented i n  Baseline Spacecraf t  Pre- 
l iminary S t r e s s  Analysis ( r e f .  1 2 ) .  

The preliminary stress ana lys i s  performed 

The genera l  arrangement of t he  s t r u c t u r e  i s  shown i n  f i g u r e  3 3 .  An ex- 
ploded view of  the  components and subassemblies is depicted i n  f i g u r e  3 4 . .  

The s t r u c t u r e  cons i s t s  of two major elements: the base assembly and the 
pressure  s h e l l  assembly. Assembled and sea led ,  they provide t h e  pressure  
v e s s e l  necessary t o  conta in  the  14.7 2 2.0 p s i  environment f o r  t h e  experiment, 
the  mechanical i n t e r f a c e s  f o r  t h e  launch veh ic l e  and the  C m n d / S e r v i c e  
Module, and p ro tec t ion  f o r  the  var ious  i t e m s  of equipment comprising the  re- 
maining subsystems. 

Conventional aerospace cons t ruc t ion  i s  used throughout. Se lec ted  alter- 
na t ives  were based on t h e  b e s t  choice re la t ive t o  compat ib i l i ty  w i th  mission 
requirements,  a v a i l a b i l i t y ,  materials, manufacturing c a p a b i l i t i e s ,  re 
l i a b i l i t y ,  cos t ,  and f l e x i b i l i t y ,  For example, machined and welded f l a t  
bulkheads were se l ec t ed  over domed ends f o r  s impl i c i ty  i n  manufacture and 
equipment i n s t a l l a t i o n  even though t h i s  a l t e r n a t i v e  is accompanied by a 5 0  
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-23.406 

- Y = +38.50 

Z = 65.906 

Figure 29. - Primate S/C to ATM attach point geometry 
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Figure 30. - Attach point reactions 
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Ref. ICD MHO1-05050-414 
North American Aviation, Inc. N U 

(April 1966) Section B-B 

Figure 31. - Transposition docking loads 
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I 2166 fb Shear 

t 

Docking collar 
/ 

/ /  

I Drogue A 
I 

Figure 32. - Pre-separation pressure loads 

t o  100 pound weight penal ty .  Conventional materials, mainly aluminum a l l o y s ,  
are used throughout s ince  ex tens ive  s t a t i s t i c a l  information exists i n  appl i -  
ca t ions  similar the  Primate Spacecraf t .  

The majori ty  of subsystem elements fo r  such funct ions as l i f e  support ,  
thermal cont ro l ,  power, telecommunications, and command and con t ro l ,  are in- 
s t a l l e d  on the  base s t r u c t u r e .  
t he  f i n a l  c los ing  of t he  pressure  s h e l l  s ince  near ly  a l l  of t he  assembly and 
checkout operat ions can be conveniently performed p r i o r  t o  the  f i n a l  assembly 
and sea l ing  of t h e  base and s h e l l .  
the  problem of pressure  s h e l l  pene t ra t ion  and the  number of plumbing and 
cabl ing  connections t o  be performed a f t e r  s ea l ing .  Fur ther ,  t h i s  arrangement 
can t o l e r a t e  a s i g n i f i c a n t  degree of change i n  i n s t a l l e d  equipment wi th  l i t t l e  
o r  no e f f e c t  on the  primary s t r u c t u r e .  

This  arrangement opera t iona l ly  s impl i f i e s  

This arrangement a l s o  tends t o  minimize 

P r i o r  t o  assembling the  pressure s h e l l  and base,  a l l  subsystem elements 
are read i ly  access ib le .  Af te r  assembly, access  t o  the  i n t e r i o r  of t he  pressure 
s h e l l  is r e s t r i c t e d  t o  t h a t  provided by access  doors i n  the  s i d e  of the  cyl inder  
and the recovery capsule openings i n  the  upper bulkhead. The access  doors are 
s t r e s sed  s k i n  elements and are i n s t a l l e d  and sealed during the  f i n a l  phases of 
t he  prelaunch a c t i v i t i e s ;  the  recovery capsule openings a r e  closed by the  
i n s t a l l a t i o n  of the  recovery capsules.  The equipment items i n s t a l l e d  i n  the  
unpressurized area are access ib l e  by means of the  s i d e  panels which may be 
completely removed o r  hinged t o  expose the  var ious equipment i t e m s .  The 
volume between the  pressure  w a l l  and ex te rna l  sk in  is  a l s o  r e a d i l y  access ib l e  
by removing the  appropriate  panels ,  a l l  of which are non-load-carrying s t r u c t u r e s .  

The pressurized s t r u c t u r e  is designed t o  comply with the pressure  and 
i n e r t i a l  loads,  and the  meteroid sh ie ld ing  requirements only.  No add i t iona l  
mass has been added f o r  r a d i a t i o n  sh ie ld ing .  The hazards of meteroid punc- 
t u r e  are circumvented by the  c l a s s i c a l  bumper sh i e ld  as shown i n  f i g u r e  33,  
t he  only unshielded area being the  end of the  l i th ium hydroxide can which 
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Figure 34. - Exploded view of structure subsystem 
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is t r e a t e d  as s i n g l e  shee t  armor. Calculat ions using the  r e l a t i o n s h i p  
-1 t-3 lo-lo) 

where P i s  the  p robab i l i t y  of no penet ra t ion ,  (- 4ATq 
(0) 

P = e  
(0 1 

2 
T is  the  f t  -days parameter, q i s  the  mut l ip l e  s k i n  e f f i c i ency  f a c t o r ,  and t , 

is  the  e f f e c t i v e  th ickness ,  y i e l d  a p robab i l i t y  of no meteroid pressure  ves se l  
pene t ra t ion  f o r  1 year of 0.9982. An ana lys i s  using the  pene t ra t ion  frequency 
da ta  presented i n  NASA TN D-3717 ( r e f .  14) i nd ica t e s  a rate of 0.10643 
penet ra t ions  annual ly ,  o r  one penet ra t ion  each 9.4 years .  The penet ra t ion  
ana lys i s  i s  summarized i n  t a b l e  26. Figure 35 w a s  used t o  graphica l ly  so lve  
fo r  P(0). 

The weight of the  s t r u c t u r e  is estimated t o  be 1,394 pounds as shown i n  
t a b l e  27. This  value can be decreased by any of t he  following a l t e r n a t i v e s  
or  t h e i r  comb ina  t ions . 

The design pressure  -to which the  s t r u c t u r e  w a s  designed, 33.4 p s i a ,  i s  
determined by applying a f ac to r  of s a f e t y  of 2.0 t o  the  l i m i t  p ressure ,  14.7 
k 2.0 p s i a .  This  i s  the  s a f e t y  f ac to r  genera l ly  used fo r  manned spacecraf t  
and w a s  used as a conservat ive requirement f o r  the  s t r u c t u r e .  It may not  be 
necessary t o  apply t h i s  same c r i t e r i a ,  however, s ince  the  pressure  vessel is  
not intended fo r  human occupancy, and any hazard due t o  over pressure  can be 
countered by the  use of r e l i e f  va lues ,  blow-out plugs,  o r  bu r s t  diaphrams, 
together  wi th  s u i t a b l e  duc ts  and o r i f i c e s  t o  balance any r eac t ion  torques.  
With t h i s  la t ter  considerat ion,  a less conservat ive but  s t i l l  acceptable  s a f e t y  
f ac to r  might be used. For example, a value of 1 .5  appl ied t o  the  16.7 ps i a  
l i m i t  p ressure  r e s u l t s  i n  a design pressure  of 25 p s i a .  Designed t o  t h i s  
lower pressure,  the  weight of t he  s t r u c t u r e  is reduced t o  about 1,200 pounds, 
a decrease of 15 percent .  Figure 36 i l l u s t r a t e s  t h i s  weight t rend a s  a func- 
t i o n  of design pressure  and f a c t o r  of s a f e t y .  

Reduced i n e r t i a l  loads can reduce the  weight of the  s t r u c t u r a l  subsystem; 
however, t h i s  i s  an  unl ike ly  approach fo r  the  primate spacecraf t  f o r  two rea- 
sons: f i r s t  the  c r i t i c a l  i n e r t i a l  loads are e s t ab l i shed  mainly by the  launch 
vehic le  and i ts  f l i g h t  p r o f i l e  and any s i g n i f i c a n t  reduct ion i n  the  load fac- 

due t o  such f ac to r s  as g rav i ty  losses .  
r e f l e c t e d  i n  only about 10% of the  s t r u c t u r e  mass. 

I t o r s  would probably r e s u l t  i n  a s u b s t a n t i a l  reduct ion i n  payload capab i l i t y  
Secondly, reduct ion of weight would be 

The s t r u c t u r a l  weight may a l s o  be reduced by using advanced ma te r i a l s  
such as a l l o y s  of beryll ium, t i tanium, o r  the  7002 o r  7106 s e r i e s  aluminum. 
The beryllium-aluminum a l loys ,  f o r  example, such as Lockalloy, appear espe- 
c i a l l y  a t t r a c t i v e  f o r  the  pressure ves se l  s t r u c t u r e .  Lockalloy has t e n s i l e  
u l t imate  and y i e ld  s t r eng ths  comparable with the  2219 aluminum a s  used i n  the  
base l ine  design,  weighs about 75% as much a s  aluminum, i s  weldable, and has 
b e t t e r  modulus/density and y i e ld  s t rength /dens i ty  r a t i o s  than the  aluminum 
a l loys , ( see  t a b l e  28).Extensive use of t h i s  ma te r i a l  could r e s u l t  i n  a s t ruc-  
t u re  weight of approximately 1,100 pounds - about a 20% reduct ion over a lumi-  
num. Considerat ion of c o s t  and the  a v a i l a b i l i t y  of s i z e s  needed f o r  the  
Primate Spacecraf t ,  however, toge ther  with f l i g h t  experience i n  aerospace 
app l i ca t ions  and cons idera t ion  of s a fe ty ,  - beryll ium oxide i s  tox ic  - 
suggest t h a t  weight reduct ion through the  use of advanced mater ia l s  is of 
l imited value f o r  t h i s  program unless  payload c o n s t r a i n t s  become s i g n i f i c a n t l y  
more severe.  
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TABLE 27. - STRUCTURE AND MECHANICAL SUBSYSTEM WEIGJ3T 
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TABLE 27. .C (concluded) 

I t e m  

Separation & deployment 

Docking drogue 

Solar  panel deployment 
mechanism 

Deployment ac tua t ion  
mechanism 

Pin p u l l e r  

Outer panel release 
mechanism 

Lunar panel release 
mechanism 

Boost dampers 

Cruise dampers & l a t c h  

Omnid ir ec  t iona 1 antenna 
deployment mechanism 

Fasteners  & mounting brackets  
e t c .  

Contingency 

J n i t  weight 

4.0 

40. OW 

0.32 

0.36 

2.25 

2.25 

0.1 

0.5 

1.37 

Quantity per 
spacecraf t  

1 

1 

8 

1 

1 

1 

20 

8 

2 

. 

To t a l  weight 
O b )  

4.0 

40.0 

12.0 

2.56 

0.36 

2.25 

.2.25 

2.00 

4.0 

2.75 

5 ,O  

10.0 

* Budget 

S t r u c t u r a l  weight of t he  base l ine  spacecraf t  may a l s o  be reduced by 100 
t o  150 pounds by replacing the f l a t  bulkheads with a domed configurat ion.  As 
noted i n  subsystem t r ade  study ( re f .6) ,  t h i s  is accompanied by an increased 
manufacturing cos t ,  reduct ion i n  t h e  i n t e r n a l  volume of the  pressure ves se l  and 
a reduct ion i n  allowable height  f o r  the  l i f e  c e l l  cage and waste d isposa l  u n i t .  
The n e t  e f f e c t  y i e lds  a configurat ion less compatible with mission requirements. 

S t r u c t u r a l  weight may a l s o  be reduced by reducing the  s i z e  of t he  pressure 
vesse l ,  e spec ia l ly  the  diameter. This however, would requi re  smal le r  cages 
and would tend t o  cramp the  i n s t a l l a t i o n  i n  the  pressurized i n v i r o m e n t .  

99 



Baseline design 1395 Ib @ , 1500 , I I 

Figure 36. - Effect of pressure and factor of safety on primate 
structure weight 

TABLE 28. - A COMPARISON OF EXAMPLE ADVANCED MATERIALS 

4 

Alloy * 

Aluminum Alloys,  2024-T3, 2219-T6 
2020-T6 

Magnesium A l l o y s ,  HK31A-H24, 
HM12 1A- T8 1 

Magnesium - Lithium Alloy, LA 141 

Lockalloy 

Cross Rolled Beryll ium Sheet 

* Reference 15 

Modulus 
dens i ty  r a t i o  

104 x lo6 i n  

98 x lo6 i n  

127 x lo6 i n  

380 x lo6 i n  

650 x lo6 

Yield s t r e n g t h  
dens i ty  r a t i o  

500 x lo3 i n  

445 x 103 i n  

400 x lo3 i n  

530 x lo3 i n  

894 x lo3 i n  
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Base assembly: The base assembly, i l l u s t r a t e d  i n  f i g u r e  37, i s  designed 
as a s i n g l e  spacec ra f t  subassembly, and provides a convenient foca l  po in t  f o r  
t h e  i n s t a l l a t i o n  and checkout of nea r ly  a l l  spacec ra f t  subsystems wi th  t h e  
except ion of t h e  a t t i t u d e  c o n t r o l  subsystem which i s  i n s t a l l e d  on t h e  pressure  
s h e l l  assembly. 

The main s t r u c t u r a l  element of t h e  base i s  t h e  lower bulkhead assembly, 
cons i s t ing  of a s i n g l e  p iece  of machined aluminum a l l o y  (2219) which i s  welded 
t o  tee s e c t i o n  ex t rus ions  t h a t  form the  r a d i a l  beam system as shown i n  f i g u r e  33 .  
Two machined bosses,  loca ted  on t h e  z axis j u s t  i n s ide  the  c e n t r a l  r i n g ,  are the  
a t t a c h  po in t s  for  t h e  two bulkhead tens ion  ties. The bosses are sea led  wi th  
welded caps a f t e r  t h e  tens ion  t ies are i n s t a l l e d .  The periphery of t he  bulk- 
head is provided wi th  a flanged r i n g  conta in ing  t h e  b o l t  c i r c l e  f o r  a t t ach ing  the 
pressure  s h e l l  assembly, and with machined f i t t i n g s  which mate wi th  the mount- 
ing t r u s s e s  and wi th  t h e  octagonal frame. Mountings for  t h e  cages, feeders ,  
and o the r  items i n  t h e  pressure  ves se l  are provided by f i t t i n g s  welded t o  t h e  
upper ( inside)  sur face  of t h e  bulkhead. 

The t ens ion  t ies ,  included as p a r t  of t he  lower bulkhead assembly, are 
i n s t a l l e d  p r i o r  t o  t h e  i n s t a l l a t i o n  of t h e  l i t h i u m  hydroxide can. The t ies,  
f ab r i ca t ed  from 17-4PH (H900) s t a i n l e s s  steel, te rmina te  i n  threaded f i t t i n g s  
which pro t rude  through bosses  i n  t h e  upper and lower bulkheads. A s  shown i n  
f i g u r e  33, t hese  bosses are closed wi th  welded caps t o  a s su re  t h e  pressure  
i n t e g r i t y  of t h e  s t r u c t u r e .  

The octagonal frame assembly c o n s i s t s  of a welded 2219-T81 aluminum a l l o y  
framework of standard ex t rus ions  t o  which t h e  r a d i a l  2024-T4 aluminum a l l o y  
sheet metal panels are r ive t ed .  
c e n t r a l  sheet  metal cy l inder  which enc loses  t h e  LiOH can. The assembly i s  
bol ted  t o  t h e  bulkhead a t  t h e  e i g h t  pe r iphe ra l  f i t t i n g s ,  along t h e  r a d i a l  
bulkhead beams, and a t  t h e  c e n t r a l  mounting r i n g ,  Diagonals a t  pane ls  A, C,  
F, and H, shown i n  f i g u r e  3 7 ,  s t a b i l i z e  t h e  s t r u c t u r e .  The c e n t r a l  cy l inder  
incorpora tes  t h e  LiOH can mounting r ing .  

The inner edge of t h e  panels te rmina te  a t  a 

The base assembly a l s o  includes t h e  mounting s t r u c t u r e  which f a s t e n s  the  
spacec ra f t  t o  t h e  ATM o r  LMSS racks. 
welded tubular  t r u s s  assemblies, bo l ted  t o  pe r iphe ra l  f i t t i n g s  on t h e  lower 
bulkhead and t o  f i t t i n g s  on the  bottom of the  octagonal frame and terminate i n  
f i t t i n g s  compatible wi th  t h e  Lunar Module Ascent Stage Separa t ion  system. For 
i n s t a l l a t i o n s  in s ide  the  r ack ,  t h e  t r u s s  assemblies can be replaced by s l i p p e r s  
which a t t a c h  t o  the  lower bulkhead pe r iphe ra l  f i t t i n g s  and s l i d e  on rails mounted 
t o  the  ATM gimbal r i n g  support s t r u c t u r e .  - 

The mounting s t r u c t u r e  c o n s i s t s  of four 

The octagonal frame is  enclosed by a series of rec tangular  f l a t  s i d e  panels 
and t r apaz ioda l  bottom panels.  
s t r u c t u r e s  r e l a t i v e  t o  t h e  s t a b i l i t y  of t h e  frame, and may have a v a r i e t y  of 
conf igura t ions  depending on t h e  needs of t h e  equipment mounted on or behind 
them. 
thermal i n s u l a t o r s  and provide t h e  mounting s t r u c t u r e  f o r  t he  mult i - layered 
super i n s u l a t i o n .  
layered thermal i n s u l a t i o n  is  a t tached  t o  the  inner su r face .  

These panels are designed as non-load-carrying 

Most of t hese  panels a r e  a t tached  t o  t h e  primary s t r u c t u r e  through 

The bottom panels are s t i f f e n e d  by beading, and multi-  
S ide  panels 
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A, B y  G ,  and H, a r e  hea t  r e j e c t i o n  sur faces  fo r  equipment mounted on the  
inner sur face ;  a l l  are r e a d i l y  removable except f o r  panel  G which is hinged. 
Panel D contains  an access door f o r  the  f i l l  and d r a i n  valves  and o the r  items 
of cryogenic plumbing. These panels w i l l  most l i k e l y  incorporate  extruded or 
formed angles  t o  both s t i f f e n  the  panel area and serve as mounting sur faces  
fo r  the  equipment. The estimated weight of these  panels  w a s  based on 0.030 
aluminum shee t  wi th  the  a d d i t i o n a l  weight increments fo r  mounting t h e  equip- 
ment and f o r  hea t  r e j e c t i o n  o r  con t ro l ,  being a p a r t  of t he  equipment mounting 
budget. 
the  inner sur face .  

Panels  C, E ,  and F are beaded shee t  m e t a l  wi th  super - insu la t ion  on 

Pressure s h e l l  assembly: The pressure  s h e l l  assembly, f i g u r e  38, is  t h e  
f la t - topped c y l i n d r i c a l  s t r u c t u r e  which comprises t h e  s ides  and top of t he  
pressure  v e s s e l ,  and on which is i n s t a l l e d  the  A t t i t u d e  Control system, the  
Docking Drogue, and p a r t s  of the  Telecommunications subsystem. 

The upper bulkhead assembly is  similar t o  t h e  lower bulkhead except f o r  
t h e  non-symmetry i n  t h e  r a d i a l  beam p a t t e r n  due t o  t h e  loca t ion ,  s i z e  and 
shape of t he  recovery capsule openings. The cen te r  of t he  bulkhead conta ins  
a c y l i n d r i c a l  r i n g  t o  which the  docking c o l l a r  i s  a t tached .  The t ens ion - t i e  
bosses,  located j u s t  i n s ide  t h i s  r i n g  are provided wi th  welded caps t o  seal the  
t ens ion - t i e  pene t ra t ions  a f t e r  f i n a l  assembly. 

The pressure  s h e l l  cy l inder ,  f ab r i ca t ed  from welded 2219 aluminum a l l o y ,  
I 

c o n s i s t s  of a machined sk in  welded t o  v e r t i c a l  tee sec t ion  ex t rus ions ,  wi th  
a r i n g  around the  bottom f o r  t he  base-to-shell-attachment b o l t  c i r c l e .  Rein- 
forced cutouts  i n  the  s i d e  of the  cyl inder  accommodate 20 by 20 inch access  doors.  

The upper bulkhead and cy l inder  are welded together  f o r  a r e l i a b l e ,  u l t r a -  
low-leakage seal. 
cyl inder  are probably the  most c r i t i c a l  areas i n  the  pressurized s t r u c t u r e  
due t o  t h e  degree of f i x i t y  assigned t o  t h e  head beams. A s  a t r apaz ioda l ly  
loaded beam running from t h e  edge of t he  docking c o l l a r  t o  the  outer  edge of 
t he  cylind'er wi th  both ends f ixed,  t h e  beam induces very l a rge  moments i n t o  
t h e  c y l i n d r i c a l  w a l l s .  A s  a simply supported beam, de f l ec t ions  tend t o  
increase,  thereby decreasing the  confidence i n  t h e  pressure  seal of the  
bulkhead/cylinder weld. To reso lve  t h i s  problem t h e  beams were designed a s  
simply supported elements, with s m a l l  al lowable de f l ec t ions ,  and with t h e  
ends welded i n t o  the  s t r u c t u r e  as a semi-fixed end conf igura t ion  as shown i n  
f i g u r e  3 3 .  

Analy t ica l ly ,  t h i s  j o i n t  and the  one a t  the  bottom of the  

The docking c o l l a r  is  a machined c y l i n d r i c a l  s t r u c t u r e ,  configured a t  the  
command module in t e r f ace ,  t o  t h e  same design as t h a t  used f o r  t h e  Lunar 
Module; t h e  d e t a i l s  of the  design,  shown on f i g u r e  33, are taken from Apollo 
In t e r f ace  Control Document MHO1-05128-116, (ref. 16). The docking r i n g  i s  
welded t o  t h e  upper bulkhead; however, it could be  at tached t o  an adapter  

separa t ing  the  spacecraf t  and command module i n  an emergency. Such as arrange- 
ment would permit changing t h e  docking s t r u c t u r e  t o  accommodate d i f f e r e n t  
docking systems. 

s ec t ion  by a pyro technica l ly  operated V-Band clamp t o  provide a means fo r  " I  
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Pressure shell secondary seal c 
Figure 38. - Pressure shell assembly 

The recovery capsule i n t e r f a c e  i s  a machined sur face  located i n  the  
recovery capsule wel l s  on the  upper bulkhead, 
t i o n  a r e  discussed under Li fe  Support Systems. 

Details of the  capsule i n s t a l l a -  

Two access  door assemblies a r e  located i n  the  s ide  w a l l  of t he  cy l inder  
opposi te  the  loading access  doors i n  the  primate cages. 
s t r e s sed  sk in  elements, t h e i r  c losing o r  opening requi r ing  the  i n s t a l l a t i o n  

These doors a r e  
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or  removal of about 40 b o l t s  each and an inspec t ion  of the  seal i n t e g r i t y ;  
therefore ,  t h e i r  f i n a l  i n s t a l l a t i o n  is  accomplished i n  the  latter phase of 
the  prelaunch opera t ions .  

The ex te rna l  upper and s i d e  panels provide the  necessary meteroid sh ie ld-  
ing and a support  f o r  the  thermal in su la t ion .  Details are shown i n  f i g u r e  33.  

The Environmental Control System r a d i a t o r  is i n s t a l l e d  between s t a t i o n  
44.00 and 55.00 i n  l i e u  of t he  meteroid sh i e ld ing ,  d e t a i l s  of t h i s  i n s t a l l a -  
t i o n  being shown i n  f i g u r e  33 and discussed under Thermal Control Subsystem. 

One of the  f i n a l  operat ions i n  the  assembly of t he  spacecraf t  is the  
i n s t a l l a t i o n  and sea l ing  of the  pressure  s h e l l .  The low leakage rates required 
make the  28 foo t  pe r iphe ra l  seal between the  pressure  s h e l l  and base of p i v o t a l  
importance to  the  success of t he  mission. 
F i r s t ,  t he  seal must be such t h a t  the  pressure  s h e l l  can be assembled and 
disassembled without completing o r  damaging the  seal t o  f a c i l i t a t e  shipping,  
i n t e r f a c e  and combined systems checks, and the  removal and replacement of 
equipment i t e m s .  Secondly, t he  seal must be designed so i t  can be completed 
and then opened and r e sea l ed ,  s eve ra l  t i m e s  i f  necessary,  without degrading 
its i n t e g r i t y .  This  permits incorporat ing major changes such as the  replace-  
ment of i n t e r n a l  equipment a f t e r  the  f i n a l  c losure  i s  made. The t h i r d  requi r -  
ment is t h a t  t h e  seal must be designed f o r  a zero-leakage without compromising 
such s t r u c t u r a l  f ea tu re s  as the  hard anodize f i n i s h  on the  i n t e r i o r  of t he  
pressure s h e l l .  The only seal judged acceptable  of meeting these  c r i t e r i a  
with a high degree of confidence w a s  a fus ion  weld. The fus ion  weld seal design,  
discussed i n  Subsystems Trade S tudies  ( r e f .  6) i s  shown i n  f igu res  33 and 39. 

Three requirements must be m e t .  

The pressure  s h e l l  t o  base seal is  completed i n  the  following manner. After  
assur ing  the  seal sur faces  are c lean  and f r e e  from d e b r i s ,  t he  pressure  s h e l l  
and base assembly are a l igned  and brought i n t o  contact  a t  the  sea l ing  sur face  
wi th  the  b o l t  pa t t e rns  a l igned;  t e n  b o l t s ,  NAS 1351125-20P o r  equiva len t ,  are 
i n s t a l l e d ,  one each i n  the  v i c i n i t y  of t he  v e r t i c a l  columns. 
b o l t s  are then i n s t a l l e d  and a l l  b o l t s  torqued t o  complete the  main load 
carrying po r t ion  of the  j o i n t .  The elastomeric  seal i n  the  pressure  s h e l l  
is a secondary s e a l  only.  The s e a l i n g  p l a t e ,  a .04 t h i c k  aluminum band is 
then fus ion  welded t o  the  seal f langes as shown i n  f i g u r e  33 .  The seal is 
inspected f o r  leakage by pressur iz ing  the  void behind the  band wi th  a t r ace r  
gas admitted through the  weld vent  ho les ,  these holes  being welded shut  a f t e r  
the  seal inspec t ion  i s  completed. The seal can be opened by c u t t i n g  the  band 
circumferencial ly  about a ha l f - inch  from each f lange  t o  expose the  b o l t s .  
Resealing i s  accomplished by welding a new band t o  the  edge s t r i p s  of the  
previous band and inspec t ing  the  weld as before .  

The remaining 

As t he  pressure  s h e l l  is lowered t o  the  base,  the  threaded ends of the  
tens ion  t ies are guided through the  holes  i n  tens ion  t i e  bosses which are 
located i n  the  upper bulkhead. Af te r  t h e  per iphera l  b o l t  c i r c l e  has been 
completed, the  7/8-14 c a s t e l l a t e d  nuts  are i n s t a l l e d  and s a f e t i e d .  
caps are then i n s t a l l e d  and inspected f o r  pressure  t i gh tness  i n  a manner similar 

The welded 
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Figure 39. - Pressure.shell . C .  main seal 
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t o  t h a t  used f o r  the  main base seal. 
cu t t i ng  away t h e  caps t o  expose the  nu t s .  

Removal of the  pressure s h e l l  requi res  

The pressure-shel l - to-base per iphera l  j o i n t  is then completed by f i r s t  
connecting the  r a d i a t o r  plumbing and the  e l e c t r i c a l  and e l e c t r o n i c  cabl ing 
and then i n s t a l l i n g  the  sh i e ld ing  panels over the  seal area as shown i n  
f i g u r e  3 3 .  

Separat ion and deployment: The separa t ion  and deployment mechanism, 
f igu re  40, is i d e n t i c a l  wi th  the  Apollo Lunar Module Ascent Stage ( r e f .  18), 
and cons i s t s  of four explosive nuts  and four explosive b o l t s .  I f  e i t h e r  the  
nuts  o r  t he  b o l t s  are f i r e d ,  separa t ion  occurs .  The spacecraf t  is then 
removed from the  v i c i n i t y  of the  Launch Vehicle by f i r i n g  the  SM-RCS t o  
provide about 6 f t / s e c  delta-V ( r e f .  1 7 ) .  

Docking mechanism; The docking mechanism, f i g u r e  41, i s  i d e n t i c a l  with 
t h a t  used on t h e  Apollo Lunar Module, 
which i s  configured t o  t h e  LM s p e c i f i c a t i o n  as previously noted. 
mechanism includes the  t h r e e  drogue support f i t t i n g s  which are i n s t a l l e d  i n  
t h e  docking c o l l a r  as shown i n  t h e  Apollo I n t e r f a c e  Control Document MJ301- 
05128-116, ( r e f .  16). The drogue ( r e f ,  19) i s  at tached t o  t h e  t h r e e  support 
f i t t i n g s  and serves  as a thermal sh i e ld  f o r  t h e  docking c o l l a r  i n t e r i o r  a f t e r  
departure  of t h e  command module, The drogue assembly, f i g u r e  42, c o n s i s t s  
of a conica l  s t r u c t u r e  with the  mounting provis ions necessary t o  e f f e c t  a 
s t r u c t u r a l  i n s t a l l a t i o n  i n  the  docking c o l l a r .  Axial loca t ion  of t h e  drogue 
is  such t h a t  adequate c learance i s  provided f o r  operat ion of the  handles on 
the  f i n a l  docking l a t ches  from the  Command Module. 
envelope dimensions, mounting loca t ion ,  e t c . ,  are defined by I C D  MJ301-05127- 
116 ( r e f .  16). The drogue may be removed and stowed i n  the  command module. 

It i s  i n s t a l l e d  i n  the  docking c o l l a r  
The docking 

Drogue configurat ion,  

Twelve manually operable s t r u c t u r a l  l a t ches  are equal ly  spaced about t h e  
inner per iphery of t h e  command module docking r i n g  t o  provide a means (when 
secured) f o r  e f f e c t i n g  s t r u c t u r a l  con t inu i ty  and p res su r i za t ion  c a p a b i l i t y  
between the  CSM and the  docked Primate Spacecraft .  
loca t ion ,  i n s t a l l a t i o n  and i n t e r f a c e  dimensional c r i t e r i a  are def ined by I C D  
MHO1-05128-116 ( r e f .  20). These twelve l a t ches  are c i rcumferent ia l ly  or ien ted  
wi th in  the  command module tunnel  so  as not t o  i n t e r f e r e  with probe operat ion 
or  i t s  support s t ruc tu re .  Four of t hese  l a t ches  are semi-automatic i n  func- 
t i o n  and are designated as " i n i t i a l  sea l ing"  pressure  l a t ches .  The remain- 
ing e i g h t  la tches  are completely manual i n  opera t ion  t o  complete c losure .  
The i n i t i a l  s ea l ing  l a t ches  serve t o  hold the  CSM and LEM together  wi th  the  
tunnel pressurized u n t i l  manual l a t ch ing  (of a l l  twelve l a t ches )  is  completed 
t o  e f f e c t  a s t r u c t u r a l  bond between the  vehic les .  

Latch configurat ion,  

Antenna deployment: The Antenna Deployment Mechanism cons i s t s  of a damped 
spr ing loaded hinge a t  the  antenna base, a pyrotechnic p in-pul le r ,  and a 
series of t h r e e  l a t ches  spaced e q u i d i s t a n t l y  a long the  antenna m a s t  between 
the  hinge poin t  and t h e  top  of t h e  m a s t  (where one of t he  t h r e e  l a t ches  is 
located) .  
power spr ing  t h a t  unlatches t h e  m a s t  by withdrawing l a t c h  p ins  from t h e  m a s t  

Antenna deployment i s  i n i t i a t e d  by t h e  p in -pu l l e r  which r e l e a s e s  a 
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Descent stage 
(ATM, LMSS, etc.) 

Figure 40. - Separation and deployment mechanism 

10 8 VOL 111 



CM fwd thermal hatch r 

I I 

Figure 41. - Docking mechanism 

l a t ches ,  and then unlocking t h e  spr ing  loaded and damped antenna hinge. The 
mast l a t c h e s  are interconnected by a piano w i r e  type rod t h a t  passes  through 
dry lub r i ca t ed  aluminum bushings a t tached  t o  t h e  spacecraf t  s t r u c t u r e .  

Solar  panel deployment system: The Solar Panel Deployment system, f i g u r e  
43, i s  similar t o  t h a t  used on t h e  Mariner Spacecraft  with t h e  exception of 
t h e  mechanically sequenced l a t c h e s  which restrict  deployment t o  two panels 
a t  a t i m e .  

Since t h e  s i z e  and weight of t h e  P r i m a t e  Spacecraft  panels are about 
double t h a t  of t h e  Mariner, t h e  quan t i ty  of t h e  mechanical elements, per  panel, 
has a l s o  been doubled t o  f a c i l i t a t e  using e x i s t i n g  hardware. 
cat ion,  t he re fo re ,  each of t h e  four  s o l a r  panels is equipped wi th  two s o l a r  
panel deployment mechanisms and two s o l a r  panel c r u i s e  dampers. 

In  t h i s  app l i -  
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LDrogue latch pin (ref) 
(pull & rotate CCW to 

+X 

t 31.454 Dia (ref) * 

-Y 
I 

-+Z (CM axis) 

(PSC axis) 

110.25 
120.00 

unlock) 

Figure 42. - Drogue assembly 
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MI69 solar panel deployment mechanism MI69 ac.tuator 

MI69 cruise damper ' MI69 collet, cruise damper latch 
Figure 43. - Solar panel deployment mechanism 
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The s o l a r  panel deployment mechanism which extends the so l a r  panels  i s  
mounted a t  each end of the  s o l a r  panel hinge l i n e ,  each mechanism cons i s t ing  
of dua l  preloaded clock spr ings.  The mechanisms are i d e n t i c a l  wi th  those t o  
be used on the  Mariner '69 spacecraf t  ( r e f .  21) except t h a t  the  s o l a r  panel 
open event switches and assoc ia ted  bracketry are not  i n s t a l l e d  and the  mech- 
anisms are posi t ioned t o  permit 180 degrees of  s o l a r  panel t r a v e l .  The deploy- 
ment mechanisms are re leased  to  extend the panels  by a pyrotechnic p i n  p u l l e r .  
F i r i n g  t;he_pin p u l l e r  releases two s o l a r  panel l a t ch ing  rods,  one i n  each of 
the  two a u t e r  panels.  Each rod passes through three  so l a r  panel r e t e n t i o n  
f i t t i n  s i n s t a l l e d  on a l i n e  p a r a l l e l  to  the  panel hinge l ine and passing 
throug ! the  pane l ' s  cen ter  of grav i ty .  The rods f o r  the  outer  panels  are 
mechanically coupled together  t o  assure  t h a t  both panels  are re leased  a t  the  
same t i m e .  A s  t he  outer  p a i r  of  panels reach the  f u l l y  extended pos i t ion ,  they 
i n i t i a t e  the r e l e a s e  of the  inner  p a i r  by mechanically r e l eas ing  the  inner  
panel l a t ch ing  rods,  t h i s  release being accomplished by two mechanical spr ing-  
loaded p in  p u l l e r s ,  one operated by each of the  outer  panels  and the  operat ion 
of both being required t o  release the  inner panel l a t ches .  Elastromeric dampers 
i n s t a l l e d  between the inner  p a i r  and the  spacecraf t  s t r u c t u r e ,  and between the  
inner and outer  p a i r  of panels  reduce the  e f f e c t s  of the launch dynamic envi- 
ronment. 

The s o l a r  panel c r u i s e  dampers arrest the  motion of s o l a r  panel deploy- 
ment, and pos i t i on  and damp t h e  motion of t h e  deployed panel ,  The dampers 
cons i s t  of mechanical-hydraulic dampers located on the  outs ide  of the  octag- 
onal  s t r u c t u r e  near the  s o l a r  panel hinges. A se l f - a l ign ing  probe with. a 
low en t ry  force ,  a high r e t r a c t i n g  force ,  and no backlash i s  provided on each 
damper. A c o l l e t ,  con'sist ing of an a x i a l l y  s p l i t  c y l i n d r i c a l  tube with 
i n t e r n a l  pawls, is  at tached t o  the  so l a r  panel s t r u c t u r e ,  and as the  panel 
reaches i t s  extended pos i t i on ,  t h e  damper probes e n t e r  t he  c o l l e t s  t o  l a t c h  
the  panels open. 

Advance deployment areas:  Generally,  t h e  approaches and mechanization of  
t h e  s t r u c t u r e  and mechanical subsystem lend themselves t o  normal engineering 
development using s ta te  of t h e  art  ma te r i a l s  and techniques.  

Preliminary equipment l i s t .  - Table29 presents  a l ist  of t h e  components 
and subassemblies of t h e  S t ruc tu re  and Mechanical Subsystem. 

TABLE 29. - STRUCTURE AND MECHANICAL SUBSYSTEM 
PRELIMINARY EQUIPMENT LIST 

Base assembly space- 
c r a f t  s t r u c t u r e  
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I t e m  

‘ 3  \ 

4 

5 

6 

7 

-8 

9 

10 

11 

12 

13 

14 

TABLE 29, - Continued 

Descr ip  t ion 

VOL I11 

suggested 
manufacturer 

Lower bulkhead 
assemb 1 y 

Octagonal frame 
as semb 1 y 

Umb i 1 i c  a 1 support 
bracket  

Upper column 1 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Lower column 1 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Upper column 2 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Lower column 2 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Upper column 3 mount- 
ing t r u s s  f it t ing,  
a f t  t r u s s  

Lower column 3 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

Upper column 4 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

Lower column 4 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  
Upper column 6 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

P a r t  no. 
Quant i ty  per 

spacecraf t  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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TABLE 29. - Continued 

[ t e m  No. 

15 

16 

17 

18 

19 

20 

21  

22 

23 

24 

25 

26 

27 

28 

114 

Descript ion 

Lower column 6 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

Upper column 7 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

Lower column 7 mount- 
ing t r u s s  f i t t i n g ,  
a f t  t r u s s  

Upper column 8 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Lower column 8 mount- 
ing t r u s s  f i t t i n g ,  
forward t r u s s  

Forward mounting 
assembly panel A 

Forward mounting 
assembly panel B 

Aft mounting t r u s s  
panel C 

Aft mounting t r u s s  
panel F 

Side panel A 

Side panel B 

Side panel C 

Side panel D 

Side panel E 

Suggested 
manufacturer 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

P a r t  No. 
Quan t i ty  p e r  

spacecraf t  

1 

1 

1 

1 ’  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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TABLE ,29: - Continued 

I t e m  No. 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

4 1  

4 2  

4 3  

44 

45 

46 

VOL 111 

Descr ip t ion  

Side panel F 

Side panel G 

Side panel H 

Bottom panel A 

Bottom panel B 

Bottom panel C 

Bottom panel D 

Bottom panel E 

Bottom panel F 

Bottom panel G 

Bottom panel H 

Solar  panel mount- 
ing bracket ( inner) 

Solar panel mount- 
ing bracket (outer) 

Tens ion  t i e  

Tension t i e  w e l l  cap 

Pressure s h e l l  
as semb ly 

Pressure s h e l l  weld 
as semb 1 y 

Le f t  hand access door 

Suggested 
manufacturer 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

J NSL 
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TABLE 29. - Continued 

D e  sc r i p  t ion 

Right hand access door 

Upper meteoroid 
sh i e ld ing  r i n g  

45" sh ie ld ing  panel 

30" sh ie ld ing  panel 

Le f t  hand 60" s h i e l d -  
ing panel 

Right hand 60" sh i e ld -  
ing panel 

Intermediate mete or0 i d  
sh ie ld ing  r ing 

Side meteoroid shie ld  
ing panel 

Secondary pressure  
s h e l l  seal 

Pressure s h e l l  main 
s e a l  p l a t e  

Panel A seal s h i e l d  

Panel B seal s h i e l d  

Panel C seal s h i e l d  

Panel D seal s h i e l d  

Panel E Seal s h i e l d  

Panel F seal s h i e l d  

S ugg e s t ed 
manufacturer 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

NSL 

N SL 

NSL 

NSL 

NSL 

NSL 

P a r t  no 
2uantity p e r  
spacec ra f t  

1 

1 

4 

2 

1 

1 .  

1 

8 

1 

1 

1 

1 

1 

1 

1 

1 
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TABLE 29. - Concluded 

Descr ip t ion  

Panel G seal sh i e ld  

Panel H s e a l  sh i e ld  

Tension t i e  w e l l  cap 

Separation and deploy 
men t sy s t e m  

Docking drogue 

So la r  panel deploy- 
men t mechanism 

Antenna deployment 

Suggested 
manufacturer 

NSL 

NSL 

NSL 

See Grumman 
A i r c r a f t  f o r  
d e t a i l s ,  same 
p a r t  as on 
LEM ascent  
s t age  

See North 
American 
Aviation f o r  
d e t a i l s ,  same 
as on LEN 
ascent  s t age  

NSL 
Actuators, p in  
pu l l e r ,  c r u i s e  
dampers & l a t c h  
assemblies same 
a s  Mariner '69 - 
may be pruchased 

NSL 

?art no. 

V28- 
575201 

VOL I11 

Quanti ty  per 
spacecraf t  

2 

1 

2 
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Instrumentation 

The primary function of the instrumentation system is to acquire the data 
from the primate experiments and spacecraft supporting subsystems and to con- 
dition and convert such data into a format acceptable by the telemetry and RF 
subsystems for subsequent transmission to earth. 

The acquisition function is accomplished by a variety of transducers and 
sensors varying from complex gas mass-spectrometers, television cameras, bio- 
telemetry systems, to simple temperature measuring thermistors and status 
sensing microswitches. 

The signal conditioning function is performed by a centralized assembly 
which varies in sophistication from bi-phase demodulation of gryo microsyn 
signals to simple passive voltage divider attenuators used in the electrical 
power subsystem. All conditioned signals are presented to the telemetry sub- 
system as 0 to 5 volts dc except digital derived data which is processed 
through pulse-shaping circuitry in the data processor before being interlaced 
with the PCM data stream. 

The instrumentation section, therefore, defines the requirements of instru- 
mentation, preceding the telemetry and RF subsystems. A functional description 
of each subsystem component is given and the various development areas requir- 
ing further study and definition are discussed. 

The subsystem from which the data are acquired are as follows: 

Life support subsystem 
Thermal control subsystem 
Structure and mechanical subsystem 
Instrumentation subsystem 
Telemetry subsystem 
Command and control subsystem 
Electrical power subsystem 
Attitude control subsystem. 

Instrumentation requirements. - The instrumentation requirements are 
defined in the ME1 Specification N o .  CP-10000 (ref. 7). For clarification, 
these have been extracted, and are classified under data measurement require- 
ments and instrumentation requirements. 

Data measurement requirements: The requirements for data measurements 
are listed below, 

(1) Provide during prelaunch and orbital phases, data gathering and trans- 
mitting spacecraft equipment for selected physiological and behavioral data to 
permit documentation of biological changes due to weightlessness and to permit 
monitoring of the well being of the animals. 

(2) Provide data gathering and transmitting spacecraft equipment that will 
supply scaling factors for oxygen, water, food, contaminant and temperature 
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con t ro l  f o r  f u t u r e  long term l i f e  support systems operat ing i n  a weight lessness  
space environment, during launch and o r b i t a l  phases. 

(3) Provide d a t a  gather ing and t ransmi t t ing  spacecraf t  equipment t h a t  
w i l l  supply long t e r m  l i f e  support component experience by monitoring appro- 
p r i a t e  equipment performance parameters, during launch and o r b i t a l  phases. 

( 4 )  The s t a t u s  of t he  spacecraf t  and experiment animals w i l l  be provided 
t o  t h e  as t ronauts  during t h e  recovery operat ion.  C r i t i c a l  i t e m s  t h a t  may be 
hazardous t o  t h e  a s t ronau t s  o r  t he  animals w i l l  be d i r e c t l y  displayed to  t h e  
as t ronauts .  

Engineering da ta  w i l l  be gathered f o r  assessment of the  opera t ion  of the  
environmental con t ro l  u n i t  both f o r  recogni t ion  of i nc ip i en t  f a i l u r e  and fo r  
eva lua t ion  of system concepts and component r e l i a b i l i t y  f o r  f u t u r e  designs.  

These d a t a  w i l l  include, bu t  no t  be l imi ted  to, measurement of t o t a l  p res -  
sure ,  oxygen p a r t i a l  pressure,  temperature and humidity. 

The feeder  w i l l  s i g n a l  de l ivery  of a p e l l e t  such t h a t  the  t i m e  may be 
recovered t o  the  year,  month, day, hour, minute and second wi th in  10 
mil l iseconds.  

Engineering da ta  w i l l  be gathered f o r  assessment of the  operat ion of the  
feeder  both f o r  recogni t ion  of i nc ip i en t  f a i l u r e  and f o r  eva lua t ion  of system 
concepts and component r e l i a b i l i t y  f o r  f u t u r e  designs,  

The waterer  ~ $ 1 1  s i g n a l  de l ivery  of an a l iquo t  such t h a t  the  t i m e  may be 
recovered t o  the  year, month, day, hour, minute and second wi th in  10 
mil l iseconds.  

Engineering da ta  w i l l  be gathered f o r  assessment of the operat ions of 
the  waterer ,  both f o r  recogni t ion of i n c i p i e n t  f a i l u r e  and f o r  eva lua t ion  of 
system concepts and component r e l i a b i l i t y  f o r  f u t u r e  design. 

The behavioral  panel w i l l  s i g n a l  onset  of s t imul i ,  handle ac tua t ion  and 
proximity switch ac tua t ion  such t h a t  the  time of each may be recovered t o  
the  year,  month, day, hour, minute and second wi th in  10 mil l iseconds.  Once 
a day a loud, 110 db, noise  w i l l  be introduced by ground command f o r  one 
second dura t ion  t o  produce a s t a r t l e  response which w i l l  be monitored on 
t e l ev i s ion .  Engineering da ta ,  as ide  from t h a t  spec i f ied  above, w i l l  be 
gathered f o r  assessment of the  operat ion of the  behavioral  panel, both f o r  
recogni t ion of i nc ip i en t  f a i l u r e  and f o r  eva lua t ion  of system concepts and 
component r e l i a b i l i t y  f o r  f u t u r e  design. 

The mass/volume measurement device w i l l  have an accuracy of 51% of t r u e ,  
mass a s  received a t  the  ground s t a t i o n .  
f o r  assessment of the  operat ion of t he  device both f o r  recogni t ion of i n c i p i -  
end f a i l u r e s  and f o r  eva lua t ion  of system concepts and component r e l i a b i l i t y  
for f u t u r e  design, 

Engineering d a t a  w i l l  be gathered 
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The instrumentat  ion subarea w i l l  provide the t ransducers  and s i g n a l  
condi t ioning necessary f o r  t he  monitoring of the  animals and the  s t a t u s  of 
the  o the r  subareas. 
sensor/ t*ransmit ter  but  w i l l  include the  receiving por t ion  f o r  the  animals 
ECG, temperature, and r e s p i r a t i o n  r a t e .  

The t ransducers  do not include the  implanted animal 

For t e l e v i s i o n  monitoring of the  animals, the  l i g h t i n g  system w i l l  f u r -  
n i sh  25 foot-candles  of  i l lumina t ion  f o r  14 hours and 0.1 foo t  candle of i l l u -  
mination f o r  the  remaining 10 hours per  day. The photoperiod of 14 hours on 
and 10 hours o f f  w i l l  be changed t o  24 hours on and 24 hours of f  upon ground 
command. 

The t e l e v i s i o n  camera w i l l  p_rovide s u f f i c i e n t  reso lu t ions ,  frame rate 
and shades of gray t o  provide information about the  hea l th  of the  primate 
and h i s  apparent condi t ion,  
wi th  the  recorder  c a p a b i l i t i e s  and the  down l i n k  bandwidth and time c o n s t r a i n t s  

The t e l e v i s i o n  t ransmission w i l l  be compatible 

Once d a i l y  the  r ad ia t ion  counter  w i l l  measure the  accumulated i r r a d i a t i o n  
dose. The counter  w i l l  be capable of measuring i n  the 0 t o  5 rad region with 
poss ib le  excursions of 50 t o  1000 rads.  The maximum permissible e r r o r  f o r  
d a t a  received i s  10%. 

The a c t i v i t y  counter  w i l l  monitor the  motion of the pr imate  i n  the Li fe  
C e l l  and r e g i s t e r  frequency of a c t i v i t y ,  

Temperature and ECG d a t a  w i l l  be telemetered from t h e  animal t o  t h e  
rece ivers  located i n  o r  near t he  l i f e  c e l l .  The an imal ' s  hea r t  rate is  257 
k 31 bea t s  per  minute wi th  a range of 160 t o  333 bea t s  per  minute. 
t u r e  is i n  the  range of 95 t o  10S°F, 
to red  e i t h e r  i n  t en  second periods every f i v e  minutes, o r  i n  f i v e  minute per iods 
s i x  t i m e s  per  day. 
f i d e l i t y  t o  permit (upon r e c e i p t  a t  ground s t a t i o n )  measurement of t he  i n t e r -  
v a l s  and amplitudes depicted by f igu re  44 wi th in  0.01 second and O . l m i l l i - ~  
v o l t  respec t ive ly .  
long term accuracy s h a l l  be 1 ° C  maximum. 

Tempera- 
The electrocardiograph w i l l  be moni- 

The ECG waveform s h a l l  be reproduced with s u f f i c i e n t  

Temperature r e so lu t ions  s h a l l  be 50. l 0 C  maximum and 

For the  physiological  sensors ,  the  maximum e r r o r  f o r  the  mass measurement 
received a t  the  ground s t a t i o n  w i l l  not exceed 1 percent,  

Furthermore, animal voca l i za t ion  w i l l  be recorded i n  the  frequency range 
of i n t e r e s t  from 20 t o  20,000 Hz with 50 t o  12,000 Hz acceptable .  

Engineering sensors  and t ransducers  w i l l  be  incorporated i n  a l l  space- 
c r a f t  subsystems t o  measure the  subsystem s t a t u s  operat ion,and performance. 
Use of vol tage,  cu r ren t ,  and frequency p ickoffs  w i l l  be  provided f o r  i n  the  
subsystem e l e c t r i c a l  design. The noise  l e v e l  i n  the  l i f e  E e l 1  w i l l  be 
maintained l e s s  than 50 db a t  a l l  frequencies ,  

Data processor:  The d a t a  processor w i l l  acqui re  switch c losu res  and 
impulses from the  behavioral  panel,  the  feeder ,  the  waterer ,  the  l i f e  c e l l  
mechanixm, the  programmer, and c e n t r a l  timing and w i l l  convert  such p u l s e s  
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Figure 44. - ECG wave form 

i n t o  b inary  words represent ing s tar t  o r  s t o p  times i n  t i m e  reference code 
o r  b inary  words represent ing  t i m e  span of accomplishment. 

Such generated b inary  t i m e  words w i l l  be  s tored  i n  b u f f e r  r e g i s t e r s  
u n t i l  readout by the  d i g i t a l  mul t ip lexer  of t he  te lemetry subsystem, A l l  
subsystem s t a t u s  events ,  r ea l i zed  as switch c losu res  o r  impulses w i l l  be 
de l ivered  t o  the d a t a  processor wherein each event w i l l  be  encoded i n  a 
pseudobinary word, i t s  i d e n t i t y  given by the  b i t  loca t ion ,  the  occurrence by 
change t o  a 1 b i t  s ta te .  The events  b inary  words w i l l  be s tored  i n  r e g i s t e r s  
and read ou t  by t h e  d i g i t a l  mult iplexer  a t  least once each minute. 

Behavioral  regimen: The genera l  procedure f o r  the  behavioral  regimen 
employs a mul t ip le  schedule (MS). I n  the  MS derived f o r  t he  animals i n  the  
spacecraf t ,  d i f f e r e n t  s t i m u l i  s i g n a l  t he  occasion f o r  d i f f e r e n t  behaviors . .  
This p a r t i c u l a r  MS has s i x  components, four  wi th  v i s u a l  s t i m u l i  con t ro l l i ng  
food o r  water rewarded responses, one of which has an audi tory  d iscr imina t ive  
s t imulus,  a component involving avoidance of a noxious s t imulus,  and an o f f  
period. The four  food o r  water reward components --t iming, v ig i lance ,  i n t e r -  
lock, and exerc ise- -a l te rna te  wi th  each o t h e r  and wi th  an occasional  o f f  
period according t o  the  sequence l i s t e d  i n  t a b l e  30. The avoidance component 
over r ides  t h i s  sequence occurr ing only fou r  t i m e s  each day, 15 minutes, 5, 9, 
and 13 hours a f t e r  the l i g h t s  come on. If no c o r r e c t  response occurs wi th in  
e i g h t  day l igh t  hours, t he  schedule moves t o  the  next component. 
l i m i t  t o  amount of food and water consumed by the  primates i s  placed by the 
amount of work required.  

The only 

On the  behavioral  panel, i l lumina t ion  of the  b lue  l i g h t  around the  TIM 
handle timing component, s igna l s  the  TIM behavior. The c o r r e c t  behavior i s  
t o  space responses a t  least  a spec i f i ed  minimum number of seconds apar t .  
The f i r s t  response a f t e r  the TIM s t i m u l u s  l i g h t  i l lumina tes  starts the  timing 
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i n t e r v a l .  The second response, i f  i t  exceeds the  t i m e  i n t e r v a l ,  enables 
the  food and water  l i p  switches,  i l lumina tes  t h e i r  s t imulus l i g h t s ,  and 
terminates  the  TIM l i g h t ,  I f  t he  second response does not exceed the  minimum 
time, the  timing requirement is  r e s e t  and r e s t a r t s .  
as an upwards a c t i v a t i o n  of the  handle a t  l e a s t  10 mil l iseconds i n  durat ion.  
The handle must be  released f o r  a second response t o  occur. The primate i s  
not required t o  hold the  handle and probably w i l l  not do so. 
time i n t e r v a l  between responses i s  ad jus tab le  upon ground command t o  the  fo l -  
lowing f i v e  p re se t  points :  5, 15, 30, 45,  60 seconds, The component con- 
t i nues  u n t i l  a c o r r e c t  response i s  made. 

A response is  defined 

The minimum 

TIM, VIG,  V I G ,  repeat.  
~ 

TABLE 30, - SCRAMBLED SEQUENCE FOR THE FOUR 
COMPONENT MULTIPLE SCHEDULE 

TIM, VIG,  ILK, OFF, EXC, EXC, ILK, V I G ,  

TIM, ILK, ILK, TIM, EXC, OFF, V I G ,  V I G ,  EXC, OFF, 

TIM, TIM, EXC, VIG,  ILK, TIM, TIM, ILK 

ILK, VIG,  EXC, EXC, OFF, ILK, EXC 

The v ig i lance*  component is  s igna l led  by i l lumina t ion  of the yellow stimu- 
l u s  l i g h t  around the  V I G  handle, and ind ica t e s  the  V I G  behavior, The c o r r e c t  
behavior is  t o  respond (as def ined previously) when the  frequency of an i n t e r -  
mi t t en t  audi tory  c l i c k  increases  s l i g h t l y ,  The reference c l i c k  r a t e  should 
be approximately s ix  p e r  second and the  t e s t  c l i c k  r a t e  approximately e igh t  
per  second. The re ference  remains on f o r  two seconds and of f  f o r  two seconds. 
The test  c l i c k  r a t e  a l s o  remains on f o r  two seconds. The t e s t  r a t e  c l i c k  r a t e  
should occur a va r i ab le  period of time a f t e r  the  V I G  component begins.  
s a t i s f a c t o r y  sequence of  va r i ab le  t i m e  per iods is:  28, 4 ,  16, 12, 40, 8 ,  24,  
8 ,  8 ,  4, 20 ,  24 ,  12, 8 ,  20, 4 ,  44, 12 ,  8, and then repeat .  I f  a response i s  
made during the  re ference  c l i c k ,  it has no e f f e c t .  The reference c l i c k  r a t e  
r e tu rns  again a f t e r  another  period averaging 16 seconds. The component con- 
t i nues  u n t i l  a c o r r e c t  response i s  made which terminates  the  V I G  l i g h t ,  e t c .  

A 

For the  in t e r lock  component, a red s t imulus l i g h t  i l lumina tes  preceding 
the  in t e r lock  t a s k  (ILK). The pr imates  c o r r e c t  response is  t o  a c t i v a t e  the  
ILK 
longer period of t i m e .  This i s  t o  say, the  t a s k  is inter locked between p r i -  
mate responses and time wi th  a t  l e a s t  one primate response required f o r  suc- 
c e s s f u l  completion of the  task.  The t o t a l  number of responses p l u s  time i s  
va r i ab le  upon ground commands from 1, 10, 35, 50, 75  t o  100 seconds p l u s  
responses. 

handle a number of t i m e s  r ap id ly  o r  a fewer nuqber of times over a 
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I l lumina t ion  of the  green l i g h t  around the  EXC handle s i g n a l s  the  exerc ise  
component, EXC, behavior.  
pu l l ing  down an overhead handle across  an excursion of approximately 20 inches. 
This d i s t ance  should be t a i l o r e d  t o  the  ind iv idua l  primate i n  order  t o  encour- 
age maximal f l e x i o n  and extension of trunk, arms, and legs .  

This t a s k  c o n s i s t s  of a l t e r n a t e l y  pushing up and 

To allow a smooth adjustment t o  weight lessness  and t o  automate acqu i s i t i on  
of the  response, t he  l e v e l  of e f f o r t  required must be va r i ab le  by ground con- 
t r o l ,  being reduced t o  a comparatively very low level upon launch and during 
t r a in ing ,  and then brought up t o  high l e v e l s  gradual ly  o r  incrementally each 
day o r  so. Ground c o n t r o l  w i l l  i n  t h i s  manner allow some degree of c o n t r o l  
over and adjustment of the  amount of exerc ise  performed i n  f l i g h t .  

Because of the  requirement f o r  r e s i s t a n c e  t o  movement i n  both d i r e c t i o n s ,  
and the  requirement t o  vary the  force  necessary,  an ergometric, magneto, 
dynometer type device would probably be most s u i t a b l e ,  al though it i s  con- 
ce ivable  t h a t  o the r  devices ,  such a s  a va r i ab le  o r i f i c e  shock absorber would 
be f eas ib l e .  A successfu l  response would be def ined as x gram-seconds i n  the  
former device ground ad jus t ab le  t o  four  l eve l s ,  o r  y pushes and p u l l s  i n  the  
l a t t e r  ground ad jus t ab le  t o  1, 2, 4 ,  8 .  The va r i ab le  r e s i s t ance  should 
encompass the  range from l /8  t o  5 pounds i n  approximately t e n  increments 
roughly proport ional  t o  the  absolu te  leve l ,  i . e . ,1 /8 ,  1 / 4 ,  1 / 2 ,  3 / 4 ,  1, 1.5, 
2 ,  3 ,  4 ,  5 pounds. 

It would be very des i r ab le  t o  occas iona l ly  present  some noxious st imulus,  
avoidance component, AVD, such a s  wind o r  e l e c t r i c  shock which the  primates 
could avoid o r  escape. I f  a weight, mass, volume, dens i ty ,  e t c . ,  measurement 
device can be devised, t he  des i red  response would be entrance i n t o  t h i s  a rea  
upon audi tory  cue preceding onset  of the  noxious s t i m u l u s  by t en  seconds. I f  
a weighing device proves unfeasible ,  then a handle response l i k e  the  TIM, V I G ,  
and ILK would be used. 
i n t o  a weighing device i s  needed, t h i s  can be accomplished by requi r ing  
entrance i n  order  t o  approach o r  reach the  response panel. One w a l l  of the  
weighing device could be the  response panel i t s e l f ,  thereby requi r ing  the  
primate t o  be i n  pos i t i on  f o r  weighing i n  order  t o  work. 

I f  no noxious st imulus can  be provided, bu t  entrance 

The temporal sequence of s t imulus and response events must be preserved 
and r e l a t ed  t o  the  time of day, w i th in  one second. Some i n t e r v a l s  between 
events requi re  f u r t h e r  time r e so lu t ion  t o  0.01 second. 

(1) TIM: 

(a)  The i n t e r v a l  between stimulus onset  and the  f i r s t  response 

(b)  Between each response 

(c )  Response dura t ion  

(&). Afte r  100 seconds (a )  and (b)  can degrade t o  seconds 

(2) V I G :  
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(a )  
re ference  s t imulus,  i f  a test stimulus has not intervenced 

The i n t e r v a l  between a response and t h e  onset  of the  preceding 

(b)  Auditory t e s t  st imulus onset  t o  t h e  next response 

(c )  Response durat ion 

(d) Af te r  100 seconds (a)  and (b) can degrade t o  seconds 

(3) ILK: 

(a) The i n t e r v a l  between s t imulus onset  and the  f i r s t  response 

(b) Between each response 

(c) Response dura t ion  

(d)  Af t e r  100 seconds (a) and (b) can degrade t o  seconds 

(4) EXC: 

( a )  
ILK, a response is a push and/or a p u l l  

I f  t he  device is  an event type mechanism i d e n t i c a l  t o  TIM and 

(b)  
t o  d i g i t a l  conversion, 8 b i t  reso lu t ion  sampled 100 p e r  second 
beginning with response onset  and cont inuing as long as the  output 
i s  above threshold ,  

I f  an  analog output ,  analog recording t o  1 KHz, o r  i f  analog 

(c) Stimulus onse t  t o  f i r s t  response 

Errors, o r  inappropriate  responses such as an ILK response during TIM, 
o r  premature a c t i v a t i o n  of a l i p  switch should be resolved t o  seconds. 

I n  add i t ion  t o  adjustments of amount of work required on each t a s k ,  pro- 
v i s i o n  should be made to:  

(1) Repeatedly sk ip  any o r  any combination of components. 

(2) Reins ta te  components. 

(3) Sequence advance command. 

(4) Deliver  reward a t  completion of response requirement without re- 
qu i r ing  a l i p  switch response. 

(5) Leave food and water ava i l ab le  ind ica tors  on, de l ive r ing  appropr ia te  
reward f o r  each l i p  switch response without requi r ing  a preceding response. 
I n  o ther  words, the  mul t ip le  schedule is  not i n  e f f e c t .  

(6) Deliver  a l t e r n a t e l y  a f r e e  food o r  water reward every f i v e  minutes 
during l i g h t  on hours. 
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(7 )  Deliver no rewards, but  otherwise a normal sequence, u n t i l  each 
component has occurred, except those being skipped. 

(8) Instead of each c o r r e c t  response stepping t h e  mult iple  schedule on 
t o  the next component a command could requi re  2 ,  4 ,  o r  8 c o r r e c t  responses i n  
each component before stepping. Rewards are s t i l l  ava i l ab le  fo r  each co r rec t  
response. 

Instrumentat ion desc r ip t ion  and performance. - The following s e c t i o n  w i l l  
d i scuss  i n  d e t a i l  the  performance c h a r a c t e r i s t i c s  of the components of the  
Instrumentat ion Subsystem and present  a s p e c i f i c  desc r ip t ion  of each un i t .  

However, t o  g ive  an overview of the  e n t i r e  subsystem, the  following 
genera l  descr ip t ion ,  along with the  Instrumentat ion Subsystem block diagram, 
f igu re  45, is  presented, 

The Orbi t ing  Primate Spacecraft  d a t a  being acquired f a l l s  i n t o  b a s i c a l l y  
two ca tegor ies  -- engineering d a t a  supporting the  mission and experimental  d a t a  
( the  purpose of the  mission).  Division of the  spacecraf t  subsystems i n t o  these 
two ca tegor ies  follows, 

Engineering da ta :  

L i f e  Support Subsystem 

,Thermal Control Subsystem 

S t ruc tu re  and Mechanical Subsystem 

Instrumentat ion Subsys t e m  

Telemetry Subsys tem 

Coamand and Control  Subsystem 

E l e c t r i c a l  Power Subsystem 

At t i t ude  Control  Subsystem 

Recovery Capsule Subsystem 

Experimental da ta :  

Primate biotelemetry 

Televis ion camera 

Behavioral panel 

Feeder 

Waterer 

L i f e  c e l l  

Primate microphone u n i t  

Radiat ion dosimeter u n i t  

Mass/volume measurement u n i t  

The engineering d a t a  i s  acquired by conventional t ransducers  and p ickoffs  
such as pressure t ransducers ,  platinum r e s i s t o r ,  thermometers, vol tage-current  
pickoffs ,  and mechanical switches,  and the  sensor  outputs  a r e  routed t o  the  
c e n t r a l  s i g n a l  condi t ioning assembly. Here var ious conversion operat ions a r e  
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performed on the  input  s i g n a l  such as a t tenuat ion ,  amplif icat ion,  ac t o  dc 
conversion, frequency demodulation, and biphase demodulation, The s i g h 1  
condi t ioner  module f o r  each input  channel conver t s  the  s i g n a l  i n t o  a standard 
dc high l e v e l  output vo l tage  of 0 t o  5 21% v o l t s  wi th  a 500 ohm output impe- 
dance. These outputs  a r e  dua l  and independent f o r  each channel, and shor t ing  
and f a u l t i n g  may occur on e i t h e r  output without a f f e c t i n g  the  o the r  output. 
One s e t  of s i g n a l  condi t ioner  ou tputs  a r e  fed d i r e c t l y  t o  the  mult iplexers  of 
the  te lemetry subsystem. 
hardwired t o  the  s t a t u s  mult iplexer ,  the  s t a t u s  panel, and the  prelaunch 
checkout umbil ical  cable .  

The o t h e r  s e t  of s i g n a l  condi t ioner  ou tputs  are 

Some of the  experimental  da t a  i s  acquired by conventional t ransducers  and 
p ickoffs  and i s  routed through the  s i g n a l  condi t ioner  t o  the  Telemetry Sub- 
system as i n  the  case  of the  engineering da ta .  
experimental  da t a  bypasses the  s i g n a l  condi t ioner  assembly, s ince  it does not 
requi re  condi t ioning,  and i s  routed e i t h e r  t o  the  d a t a  processor u n i t  o r  the  
d a t a  mul t ip lexers  of the  te lemetry system. Thus, switch c losure  s igna l s  from 
the  behaviora l  panel,  the  feeder ,  and the  waterer  a r e  a l l  routed t o  the  da t a  
processor u n i t  where they ac tua te  appropr ia te  b inary  counters ,  g a t e s  o r  
r e g i s t e r s .  

However, the  majori ty  of 

Other experimental  da ta ,  cons i s t ing  of complex analog waveforms, such as 
t e l e v i s i o n  camera video s igna l ,  microphone output s igna l ,  and biotelemetry 
ECG s i g n a l  a r e  fed d i r e c t l y  t o  the  te lemetry subca r r i e r  o s c i l l a t o r s  on the  
t r ansmi t t e r  modulator f o r  frequency modulation. 

The dosimeter s i g n a l  output ,  0 - 5 v o l t s  dc i s  fed t o  the  da t a  processor 
dosimeter accumulation counter  where i t  i s  converted to  the  d a i l y  r ad ia t ion  
dosage as a b inary  count. 

The mass/volume measurement u n i t  s i g n a l  output is  a l s o  0 t o  5 v o l t s  dc 
and i s  routed d i r e c t l y  t o  the  analog mul t ip lexer  of the  telemetry system. 

The biotelemetry r ece ive r  outputs ,  a f t e r  being summed and passed through 
the  f i l t e r s  and d iscr imina tors ,  a r e  fed as sepa ra t e  ECG, body temperature, 
and r e s p i r a t i o n  r a t e  s igna l s  t o  the  analog mult iplexers  of the  te lemetry 
sub s y s t em,  

I n  summary, the  Orbi t ing P r i m a t e  Spacecraf t  da ta ,  a f t e r  being secured by 
the  var ious t r ansmi t t e r s  and sensors  follows th ree  p r inc ipa l  rou tes  t o  the  
te lemetry subsystem, 

(1) 
(2) 
(3) 

E i the r  d i r e c t l y  t o  the  subca r r i e r  o s c i l l a t o r s  o r  t r ansmi t t e r  modulator 
o r  through the  s i g n a l  condi t ioner  t o  te lemetry 
o r  through the  d a t a  processor t o  telemetry.  

The d a t a  acqu i s i t i on  funct ion i s  divided as t o  type of da t a  required,  
experiment da ta ,  and engineering da ta ,  as previously def ined,  

The following paragraphs l i s t  the  da t a  poin ts  i n  each of these  ca tegor ies  
and references them by d a t a  number t o  the  Experiment Data Requirement L i s t .  
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Each category i s  discussed separa te ly  and ind ica t e s  the  type of t ransducer  
o r  sensor  required f o r  the  d a t a  point ,  

The engineering sensors  were defined as those required i n  a l l  spacecraf t  
subsystems f o r  measurement of subsystem performance, s t a t u s ,  operat ion,  o r  
malfunction. 

The spacecraf t  subsystems covered i n  the  engineering sensor  survey a r e  
as follows: 

(1) The L i f e  Support Subsystem 
(2) Thermal Control  Subsystem 
( 3) I n s  t rume n t a t ion  Subsystem 
(4) Telemetry Subsystem 
(5) Command and Control  Subsystem 
(6) A t t i t ude  Control  Subsystem 
(7) E l e c t r i c  Power Subsystem 
(8) S t ruc tu re  and Mechanical Subsystem. 

Since the  environmental con t ro l  subsystem is  being supplied by the  sub- 
cont rac tor ,  AiResearch, t he  engineering sensors  of t h i s  subsystem a r e  i n t e g r a l  
par ts  of the  servo con t ro l  loops and a r e  a l s o  being supplied by AiResearch. 
Telemetry d a t a  is  being acquired from these sensors  using high impedance 
i s o l a t i o n  ampl i f i e r  pick-offs  and only these w i l l  be l i s t e d  f o r  the  environ- 
mentall con t ro l  system 

Simi la r ly ,  the  a t t i t u d e  c o n t r o l  sensors  a r e  i n t e g r a l  funct ions of the  
a t t i t u d e  con t ro l  servo loops and i s o l a t i o n  ampl i f i e r s  w i l l  a l s o  be used here  
f o r  obtaining inputs  t o  the  Telemetry Subsystem, 
f i e r s ,  a f a i l - s a f e  a c q u i s i t i o n  technique is employed without upse t t ing  the  
var ious servo loop response c h a r a c t e r i s t i c s .  

By using i s o l a t i o n  ampli- 

The Data Requirements Summary i n  Appendix B,  Volume V w a s  reviewed and 
the  engineering sensors  and t ransducers  w e r e  determined f o r  each subsystem. 
These a r e  summarized i n  t a b l e  31 indica t ing  the  var ious types of t ransducers  
and the  t o t a l  number required f o r  each subsystem. 

Based on t h i s  summary t a b l e  requirement, over twenty instrumentat ion 
manufacturers were contacted f o r  qua l i f i ed  space t ransducers .  
t h i s  survey a r e  summarized i n  Appendix D, which presents  a comparison matrix 
of each type of t ransducer  showing the  t echn ica l  parameters as w e l l  a s  c o s t ,  
power, and s i ze .  

R e s u l t s  of 

Using the  t ransducer  comparison matrix and the  Data Requirements Summary, 
the  ind iv idua l  d a t a  poin ts  were r e l i s t e d  and s p e c i f i c  t ransducers  were 
se lec ted  from the  matrix and so noted i n  the  list.  

The f i n a l  l i s t i n g  therefore ,  equates the  se lec ted  t ransducer  t o  the  da t a  
poin t  measured and forms the  b a s i s  f o r  t he  preliminary engineering sensor  
summary i n  cos t ing  and performance. 
shown i n  t a b l e  32. 

This engineering sensor  summary is  
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As s t a t e d  e a r l i e r ,  Appendix A presents  a technica l  comparison matrix f o r  
each transducer requirement aga ins t  the  var ious manufacturer se lec ted  t rans-  
ducers.  The se lec ted  t ransducers  are noted a t  the bottom of the matr ix  columns. 
Of the  var ious comparison parameters, c o s t ,  space qua l i f i ca t ion ,  and transducer 
r e l i a b i l i t y  were the  primary se l ec t ion  f a c t o r s .  Technically,  the  performance 
c h a r a c t e r i s t i c s  of each type of transducer were approximately equal .  
m e t  o r  exceeded the space environmental requirements for  the mission. 

They a l l  

Standard type t ransducers ,  such as pressure and temperature sensors ,  were 
se lec ted  from suppl ie rs  of space qua l i f i ed  instrumentation. 

Voltage, cu r ren t ,  and frequency pickoffs ,  which must be incorporated ass 
p a r t  of the  subsystem e l e c t r o n i c  design f o r  c i r c u i t  p ro t ec t ive  reasons,  w i l l  
be supplied by Northrop Systems Laboratories.  F ina l  design of these p ick-of fs  
must await the  conclusion of the parent  subsystem design. 

The types of t ransducers  t o  be used fo r  each experiment da t a  s igna l  a r e  
ca l led  out  i n  t ab le  33 along with the transducer output and e x c i t a t i o n  power 
and synchronization requirements. 

The t ransducers  w i l l  supply the  telemetry system d i r e c t l y .  Where buffer ing  
i s  requi red ,  it is  spec i f ied .  The coupling of mechanical t ransducers  i s  by 
s h a f t  coupling ( for  r o t a r y  pots )  and expoxy cementing fo r  the  s t r a i n  gages. 

TABLE 33. - EXPERIMENT SENSORS SUMMARY 

ligna1 
No. 

D36 
D37 

D38 
D39 

D188 
D189 

D190 
D19 1 

D105 
D106 
D108 
D109 

VOL 111 

Transducer 
type 

Bourns model 3917 
voltage sensor 

Linear s ing le  t u r n  
potentiometer i n  
torquer motor 

S t r a i n  gage br idge 
and ampl i f ie r  

Clock r e g i s t e r  

Switch 

Input 
I 

-24 t o  1 0 0 0 ~  
@ < 0 . 7  ma 

r o t a r y  motion 

mechanical 

on-off switch 

mechanical 

ou tputs  

SPSTNO 560min. 

0 - 5 v o l t s  

0 o r  5 v o l t s  

Exci ta t ion  
and 

sync 

20 t o  30 v. 
@ 50 ma max. 

5 vdc 
+1% 

Sync from 
master clock 

5 v o l t s  rt5% 
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TABLE 33. - Continued 

i gna 1 
no. 

D107 
Dl10 

D122 
D123 
D124 
D127 
D128 
D129 

D125 
D130 

D126 
D 1 3 1  

D132 
D132A 
D132B 

D135 
D136 

D133 
D134 

D4 1 
D42 
D48 
D49 

D56 

D5 7 

D58 

D6 0 

D6 1 

D62 

D6 3 

D64 

Transducer 
type 

Per f e a s i b i l i t y  tes t  

Biotef receiver 
demodulator 

Schmitt t r i g g e r  

Microphone and 
ampl i f ie r  wlvox 

Dosimeter counter 
temp. ( thermistor)  
vo l tage  (zener) 

Photometer-TV camera 

Vidicon TV camera 

Magnetic 
Elec. counter  
Magnetic 
Elec. counter 

Magnetic 

E lec t ron ic  counter 

Acoustic 

Magnetic 

Elec. counter 

Acoustic 

Capaci t ive 

Capaci t ive 

134 

Input 

mechanical or  
neuma t i c  

b i o t e l  
t r ansmi t t e r  

recover s i g n a l  
s t r eng th  

acous t i c  

r a d i a t i o n  
heat 
vol tage  

l i g h t  

l i g h t  

dc  
pulse  
d c  
pulse  

dc  

pulse  

ac 

dc 

pulse  

ac 

ac 

ac . 

outputs  

0 - 5 v o l t s  

0 - 5 v o l t s  

5 v o l t  pu lses  

0 - 5 v  
50 Hz t o  12KH2 

0/5v pulses  
vol tage  
vo 1 tage 

0 - 5 v o l t s  
+1% 

2.6 -.6 v o l t s  
peak- to-peak 

dc pulse  
pulse  
d c  pulse  
pulse  

dc pulse  

pulse  

ac 

dc pulse  

pulse  

ac 

ac 

ac 

Exc i t a t ion  
and 

Sync 

28 vdc+l% 

28 v o l t s  

5 v o l t s + l %  

28vdc +_1% 

5vol t s  '+1% 

28 v o l t s  

24/31vdc 

Prog. Seq. 
Prog. Seq. 
Prog. Seq. 
Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 

Prog. Seq. 
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Signal  
No. 

D66 

D6 7 

D68 

D69 

D70 

D71 

D72 

D75 

D192A 

D192B 

D 79 

D80 

D 8  1 

D 8  3 

D84 

D 8  5 

D86 

D8 7 

D88  

D89 

D9 2 

D9 3 

D96 

VOL I11 

TABLE 33. - (cont 

Transducer 
type 

Magnetic 

Magnetic 

Incandescent lamp 

Incandescent lamp 

Incandescent lamp 

Incandescent lamp 

E l e c t r i c  switch 

Electric switch 

Electr ic  counter  

Electric counter 

Electr ic  counter 

Magnet i c  

Magnetic 

Incandescent lamp 

Incandescent lamp 

Incandescent lamp 

Incandescent lamp 

Electric switch 

Electr ic  switch 

E lec t ron ic  counter 

E le c t r o n i c  co unter  

Input 

ac 

d c  

d c  

d c  

dc  

d c  

dc  pulse  

dc  pulse  

pulse  

pulse  

pulse  

dc  

dc  

dc  

dc  

d c  

dc  pulse  

dc  pulse  

pulse  

pulse  

pulse  

.ued) 

output  

dc  pulse  

dc pulse  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

pu lse  

pulse  

pulse  

dc l i g h t  

dc pulse  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

l i g h t  

pu lse  

pulse  

* 

Ekcitat ion 
and 
sync 

Prog. Seq. 

Prog. Seq. 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 
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TABLE 33. - (concluded) 

Signal Transducer 

D9 7 

D9 8 

D9 9 

DlOO 

DlOl 

D102 

D103 

D104 

Mechanical switch 

Mechanical switch 

Mechanical switch 

Mechanical switch 

Mechanical switch 

Mechanical switch 

Mechanical switch 

Me c han ica 1 s wi t ch 

Input 

dc 

ac 

dc 

dc 

dc 

dc 

dc 

dc 

output 

pulse 

pulse 

pulse 

pulse 

pulse 

pulse 

pulse 

pulse 

Excitation 
and 
sync 

Power supply 

Power supply 

Bower supply 

Power supply 

Power supply 

Power supply 

Power supply 

Power supply 

Signal conditioning: The basic Instrumentation Subsystem requires only 
six types of signal condition modules, differential amplifiers, bridge ampli- 
fiers, ac/dc converters, frequency demodulators, biphase demodulators, and 
attenuators. However, to provide for future growth potential, the signal 
conditioner assembly was sized to handle a total of nine types of modules. 
additional cost in fabrication is only 5 percent to provide for this capacity. 
The cost for qualification remains the same. 

The 

This growth potential provides for the conditioning of additional types of 
input signals not included in the basic instrumentation subsystem. The maxi- 
mum signal capacity of the signal conditioner assembly is itemized in table 34. 

TABLE 34. - SIGNAL CONDITIONER ASSEMBLY SIGNAL CAPACITY 

Item 

1 
- 

2 

3 

Type signal 

4-5 to 50 vdc 

-7 to -50 vdc 

0 t o  150 vac, 350-3600 Hz 

136 

Signal 
Max conditioner 
Zhan module 

LO5 dc Active 
attenuator 

105 dc Inverter- 
attenuator 

30 * ac/dc Converter 

2hanne 1s 
Per 

module 
Module 
max 

15 

15 

15 

Capacity 
nominal 

5 

2 

2 
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TABLE 34. - (concluded) 

It e m  Type s i g n a l  

4 0 to  250 mvdc 

5 0 t o  7 vdc 

6 270 to 5700 ohms 

7 +lo5 t o  150 vac 380 t o  
420 Hz 

8 .5 t o  50 vac, 400 t o  800 
Hz 

9 4-5 to +50 vac 

Signal  

chan module 
Max condi t ioner  

20 dc Diff amplif ie i  

10 dc SE ampl i f ie r  

20 dc Bridge 

3 0  fm FEQ 
amp 1 i f  ier 

demodulator 

10 Biphase ac (AM) 
demodulator 

42 Events a c t i v e  
a t t enua to r  

hanne 1 s 
P e r  

module 

2 

2 

2 

2 

2 

7 

Module 
max 

10 

5 

10 

15 

5 

6 

Capacity 
nominal 

Since the  d i f f e r e n t  types of s i g n a l  condi t ioning modules a r e  interchange- 
ab le  wi th in  t h e i r  assigned sec t ions  of the  Signal  Conditioner assembly, a high 
degree of f l e x i b i l i t y  is ava i l ab le  i n  adapting s i g n a l  condi t ioning requirements 
t o  changing t ransducer  needs. 
system changes i n  design without redesign of the  s i g n a l  condi t ioning assembly. 

This then provides f o r  major spacecraf t  sub- 

I n  e s t a b l i s h i n g  the  i n i t i a l  design c r i t e r i a ,  the  following f a c t o r s  were 
considered. 
Spacecraf t  program and i s  obtained by s t r i c t  thermal and e l e c t r i c a l  de ra t ing  
of components a s  w e l l  a s  employing only s i m p l e  c i r c u i t s .  
b i l i t i e s  f o r  the  s igna l  condi t ioning modules range from .99853 t o  .99894. 

R e l i a b i l i t y  is of prime cons idera t ion  i n  the Orbi t ing  Primate 

The predicted r e l i a -  

Since conventional components a r e  used, the  ind iv idua l  modules average 
0.6 pound p e r  module with a maximum volume of  900 cubic inches f o r  a 25 module 
capaci ty .  
The t o t a l  weight f o r  both assemblies is  4 4  pounds. 

Two 25 module assemblies w i l l  provide a minimum 200 channel capaci ty .  

Due t o  the  long mission f l i g h t  t i m e s ,  the  power consumption of the  ECS 
becomes s i g n i f i c a n t ,  and was taken i n t o  considerat ion i n  s e l e c t i o n  of low power 
c i r c u i t r y  f o r  each module. The average power pe r  module i s  0.6 w a t t ,  including 
conversion losses.  The t o t a l  power required f o r  both assemblies i s  30 watts .  

The thermal design of the  modules provide f o r  the  worst case temperature 
condi t ions,  a s  r e l a t e s  t o  the  module-cold p l a t e  gradient .  
mechanical contac t  t o  the  cold p l a t e  are used t o  obta in  optimum hea t  t r a n s f e r  
c h a r a c t e r i s t i c s .  

Thermal fuzz and 
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During the  f l i g h t  test  checkout of the  instrumentat ion subsystem, it is  
required t h a t  the  power drawn from the  measurement source s h a l l  have no e f f e c t  
on the  opera t ion  of the  source. To accomplish t h i s ,  a high condi t ioning-to-  
source impedance r a t i o  is provided. 
the  s i g n a l  condi t ioning module such t h a t  i t s  malfunction w i l l  have no e f f e c t  
on the  system under test. 

Also, f a i l - s a f e  c i r c u i t r y  is  provided i n  

To prevent s i g n a l  grounding i n t e r a c t i o n  each module i s  designed f o r  common 
mode r e j ec t ion ,  and grounding procedures are implemented t o  avoid ground loops 
when dual  outputs  are used on the  s i g n a l  condi t ioning modules. 
o r  removal of e i t h e r  of the  dua l  output channels w i l l  have no e f f e c t  on the  
remaining output channel. 

Thus, f a i l u r e  

For the  s i g n a l  condi t ioner  modules, the  u n i t  accuracy is  defined as the  
r a t i o  of the  input  t o  output s igna l s ,  consider ing hys t e re s i s ,  zero and gain 
s t a b i l i t y ,  and r epea tab i l i t y .  
2 1.0 percent f u l l  sca le .  The input  loading e r r o r  i s  minimized by using a 
high input  impedance, 2 500 Kohms, while a low output impedance, l e s s  than 
500 ohms, i s  used t o  reduce output  loading e r r o r  and noise  pickup. 
i n f l i g h t  c a l i b r a t i o n  system is  used on the Orbi t ing Primate Spacecraft ,  the  
s i g n a l  condi t ioner  modules and power suppl ies  a r e  designed f o r  a 1000-hour- 
long term s t a b i l i t y  of l e s s  than 1 percent.  

The design accuracy f o r  a l l  of the  modules is 

Since an 

To achieve adequate temperature s t a b i l i t y ,  the s i g n a l  condi t ioner  modules 
incorporate  temperature compensation using e i t h e r  pos i t i ve  coe f f i c i en t  r e s i s -  
t o r s  o r  negat ive feedback c i r c u i t r y  which is  temperature cont ro l led .  

I n  order  t o  handle a l l  v a r i e t i e s  of change i n  quant i ty ,  type, and range of 
measurements, the  s i g n a l  condi t ioner  modules a r e  designed t o  accept a wide 
v a r i e t y  of s i g n a l  inputs  with minimum module adjustment. Thus, the dc d i f f e r -  
e n t i a l  ampl i f ie r  module can be ad jus ted  f o r  f u l l  s ca l e  inputs  from 20 t o  250 
m i l l i v o l t s  and can handle e i t h e r  s ing le  ended o r  double ended inputs  by s i m p l e  
pin- to-pin changes. By using s tandard module configurat ions and connectors,  
the  u n i t s  may be interchanged i n  chass i s  assigned loca t ions  without the  
necess i ty  of mother board rewiring. 

From the  above general  guidel ines ,  the  following c r i t e r i a  were used i n  
designing the  s i g n a l  condi t ioner:  

(1) The equipment modules must  be of plug-in type for  trouble-shooting, 
r e p a i r s ,  and configurat ion changes. 

(2) Each s i g n a l  condi t ioner  output must  be capable of being shorted with- 
ou t  damage t o  the  module. 

(3)  Exc i t a t ion  vol tages  fo r  potentiometers,  s t r a i n  gages and temperature 
transducer br idges t o  be supplied from within the  equipment. 

(4) Under a l l  condi t ions,  including f a i l u r e  modes, the outputs  of the 
s i g n a l  condi t ioners  must  be l imited t o  vol tages  between -1 and +7 v o l t s  dc 
i n  order  t o  p ro tec t  the  te lemetry inputs .  The standard output i s  0 t o  5 vdc. 
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(5) 
minimum load impedance of 20 kohms. 

The condi t ioner  must be capable of providing r a t ed  outputs  i n t o  a 

(6) The output impedance of a l l  condi t ioners  must be less than 500 ohms 
single-ended. 

(7) The input  impedance must be g rea t e r  than 500 kohms on a l l  modules, 
except the  dc  a t t enua to r s ,  which are 20 kohms. 

(8) Each condi t ioner  i s  designed t o  consume a minimum of power from the  
power source.  

The s i g n a l  condi t ioner  assembly 
was designed t o  handle 25 s i g n a l  modules p e r  each of two assemblies, providing 
f o r  a maximum of 260 channels, t h i s  remaining capaci ty  being he ld  f o r  growth 
and spares .  Each module can handle two s i g n a l  input  channels, except the  dc 
a t t enua to r  module, which handles seven input  s igna l s .  

Signal  condi t ioner  equipment descr ip t ion :  

U t i l i z i n g  the maximum configurat ion,  each s i g n a l  condi t ioner  assembly can 
accommodate up t o  111 o r  130 analog s i g n a l  inputs  depending on the  number of 
dc a t t enua to r  modules used. The s tandard module layout  assignment is  shown i n  
f igu re  46. Note t h a t  a c e n t r a l  power supply i s  ava i l ab le  f o r  converting the 
28 v o l t  dc input  power t o  o the r  dc vol tages  f o r  dr iv ing  the  two dc suppl ies  i n  
512 which supply power i n  tu rn  t o  the modules and the  t ransducers  respect ively.  
The assembly input  power requirements a r e  15 watts f o r  the  bas i c  design, and 
25 watts f o r  maximum capacity.  

The func t iona l  block diagram of the  s i g n a l  condi t ioner  is  shown i n  f igu re  47 
wherein the var ious types of s i g n a l  condi t ioning modules and t h e i r  i l l u s t r a t i v e  
input  sources are shown. 
such as dc d i f f e r e n t i a l  ampl i f ie rs ,  dc single-ended ampl i f ie rs ,  dc d i f f e r e n t i a l  
bridge ampl i f ie rs ,  ac t o  dc converters ,  low gain de ampl i f ie rs ,  biphase demodu- 
l a t o r s ,  dc a c t i v e  a t tenuators ,  frequency demodulators, and dc a c t i v e  a t t enua to r  
i nve r t e r s .  

A t o t a l  of n ine  b a s i c  types of modules may be used, 

An i l l u s t r a t i v e  app l i ca t ion  of these  types i s  shown i n  t a b l e  35. 

The s i g n a l  condi t ioner  assembly u n i t  has a package densi ty  of approximately 
-048 lbs / in3  and the  dimensions are 15.25 by 9.8 by 6 inches. 
volume of 900 i n  , not  including connectors.  The s i g n a l  condi t ioner  assembly 
weighs approximately 22 lbs .  with each module averaging 0.6 lbs.;  the  power 
supply weighs 3.0 lb s ,  

This r equ i r e s  a 
3 

Te1evisio.n: The t e l e v i s i o n  system is  composed of two modified Apollo 
t e l e v i s i o n  cameras, each wi th  a two lens  t u r r e t  containing an 80" and a 10' FOV 
lens.  The Apollo t e l e v i s i o n  camera is  modified by the  addi t ion  of the  two lens  
t u r r e t  and the  removal of the  handle, power switch and automatic licrht l e v e l  
con t ro l  switch. The wide angle lens  i s  the  Apollo 80" lens  while t h e  narrow 
angle lens  i s  a q u a l i f i a b l e  10' lens .  

The s e n s i t i v i t y  of the  Apollo camera is  adequate f o r  the  two l i g h t  l eve l s  
used i n  the  cage, 25 foo t  candles and 0.1 foot  candle. 
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Power 

5-12 
supply 

AC AC/D 

527 AC, FM, ATTEN 
'526 

525 
524 AC, FM. ATTEN 
523 AC, FM, ATTEN EV 
J22 

F y -  

519 
J18 AC, FM, ATTEN EV 

converter type (-1 0) 
FM FM demodulator type (-50) 
ATTEN DC active attenuator type (-40) 
EV DC active attenuator event type (-40) 
DlFF Differential amplifier type (-01) 
SE 
BR 

Differential amplifier single-ended type (-02) 
Differential amplifier bridge types (-03, -05, -06, -07) 

Figure 46. - Signal - conditioner module configuration 

I 1 Sensor Signa I conditioner 

a, 
'1) 
-0 
0 

S 
0 

'1) 

- 
E 

.- 
.I- 

h? 
L .I- 
In .- 
U DC di f f  amplifier 

Power supply Potentiometer sensor 

I and relay contacts DC amplifier 
A 

Figure 47. - Signal conditioner functional block diagram 
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TABLF, 35.  - SIGNAL CONDITIONER INPUTS 

Signal  type 

S t a t i c  i n v e r t e r  
t emper  a t u re  

ac  bus vol tage 

Main i n v e r t e r  
frequency 

Re so lver  po s i t  ion 

dc vol tage - b a t t e r y  
Bus A 

Negative dc supply 
vo 1 tage 

dc cu r ren t  secondary 
b a t t e r y  

Signal  
charac te r  is  t i c s  

32 t o  248" F 

0 t o  150 v o l t s  

380 t o  420 Hz 

Sine and cosine of 
pitch-yaw-roll  

0 t o  45 v o l t s  dc 

0 t o  -20 v o l t s  dc 

0 t o  100 a. 

Conditioner 
type 

dc d i f f e r e n t i a l  br idge 
amp li f ier 

ac t o  dc converter  

Frequency demodulator 

Biphase demodulator 

dc a c t i v e  a t t enua to r  

dc a c t i v e  a t t enua to r  
i n v e r t e r  

dc d i f f e r e n t i a l  
ampl i f i e r  

The camera contains  a one-inch vidicon type imaging tube capable of resolv-  
ing 250 t e l e v i s i o n  l i n e s  on an E I A  test  p a t t e r n  with inc ident  vidicon t a r g e t  
h igh l igh t  i l lumina t ion  of 0.1 foo t  candle.  

The equipment opera tes  with a maximum power d i s s i p a t i o n  of 6.75 wat t s ,  with 
a steady vol tage between 24 and 31  v o l t s  dc under the  following condi t ions.  

(1) Maximum 78 v o l t s ,  recovery i n  10 microseconds, 2 pulse  p e r  second 
r e p e t i t i v e  r a t e :  32 v o l t  recovery i n  one minute, non-repe t i t ive .  

(2) Minimum 2 1  v o l t ,  recovery i n  one second, non-repet i t ive.  

( 3 )  R i p p l e ,  one v o l t  peak-to-peak from 50 t o  20,000 Hz. 

(4) The dc power s h a l l  be independent of equipment ground. 

As spec i f ied ,  t h i s  performance is  not  required during abnormal t r a n s i e n t  
o r  low l i n e  vol tage conditions.  
r e s u l t  of exposure t o  t r a n s i e n t  o r  low l i n e  vol tage conditions.  
equipment remains undamaged as a r e s u l t  of exposure t o  t r a n s i e n t  o r  low l i n e  
vo 1 tage s . 

However, equipment remains undamaged as a 
However, 
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An i n t e r n a l  o s c i l l a t o r  provides a 320 l i n e  frame. The 320 l i n e s  s h a l l  
include those blanked during v e r t i c a l  retrace. 
v a l  i s  10.5 percent maximum of the  t o t a l  l i n e  time. 
va l ,  the  waveform begins with a porch of ha l f  the amplitude of white t o  sync 
t i p ,  l eve l  f o r  4 microseconds minimum. The to le rance  of the porch amplitude 
is plus  o r  minus 15 percent of the  white t o  sync t i p  leve l .  The waveform then 
s t eps  t o  sync l eve l  f o r  14 microseconds minimum and r e tu rns  t o  a l e v e l  midway 
between white and sync t i p  f o r  a minimum of 4 microseconds. The rise t i m e  i s  
determined by the video f i l t e r .  
white t o  reference black. 

The ho r i zon ta l  blanking i n t e r -  
During the  blanking i n t e r -  

The sync t i p  l eve l  i s  nominally 30 percent  of 

The i n t e r n a l  o s c i l l a t o r  provides a frame scan of 10 frames p e r  second. 
The v e r t i c a l  blanking i n t e r v a l  i s  2.75 percent maximum of the t o t a l  frame period 
(nominally 8 l i nes ) .  The waveform, during the  frame blanking i n t e r v a l ,  cons i s t s  
of a porch midway between the white and sync t i p  f o r  a minimum o f  4 microseconds 
a t  the  beginning of 4th frame blanking in t e rva l ,  s tepping t o  sync t i p  l e v e l  f o r  
2,500 microseconds nominally and re turn ing  t o  a porch l e v e l  midway between white 
and sync t i p  l eve l  f o r  a minimum of 4 microseconds. The to le rance  of the  porch 
amplitude is plus  o r  minus 15 percent of the  white t o  sync t i p  l eve l .  The r i s e  
t i m e  i s  determined by the video f i l t e r .  The wave form i s  i l l u s t r a t e d  i n  
f igu re  48. 

The video response c h a r a c t e r i s t i c s  of the  equipment i s  wi th in  p lus  o r  minus 
3 db of the  video output spec i f i ed  from 40 Hz t o  400 KHz, and wi th in  p lus  3 o r  
minus 12  db from 400 KHz t o  500 Hz.  The r o l l - o f f  above 500 KHz is  not  l e s s  
than 20 db p e r  octave. 

The equipment i s  capable of rendering a minimum of 5 gray scales under the  
i l luminat ion leve Is spec i f  i ed  . 

The equipment provides image tube sur face  scanning such t h a t  t he  aspect  
r a t i o  of the  f ina l i zed  p i c t u r e  i s  4 : 3 .  
with in  the  scene imaged on the  vidicon. 

The scanned format y ie ld ing  video i s  

The equipment i s  capable of developing a 2 plus  0.1, minus 0 .6  v o l t  peak- 
to-peak video s i g n a l  across  a 100 ohm r e s i s t i v e  load. 
impedance of the t e l e v i s i o n  camera is 95 ohms p l u s  o r  minus 10 percent.  

The video output l i n e  

The equipment i s  capable of developing an output vol tage a s  a funct ion of 
spec i f ied  input  i l lumina t ion  of zero t o  5 v o l t s  across  a 1 megohm r e s i s t i v e  
load. The output impedance of t h i s  c i r c u i t  i s  l e s s  than 5000 ohms. 

The equipment develops white  pos i t i ve  p o l a r i t y  across  the r e s i s t i v e  load 
defined. 

The equipment video output  provides a peak-to-peak s igna l  t o  root  mean 
square noise  r a t i o  as l i s t e d  below, i n  t a b l e  36 with the  i l lumina t ion  l e v e l s  
spec i f i ed  herein.  
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I White, 

Black 
Sync . I  I I 

Detail 1- #Detail 2 
Composite waveform 

White 4.88 

Black 1.3 B/2 2 30% 

.3B p Sec 

. lo5 H Max. 

Horizontal blank and sync 
Detail 1 

White 
Black 

1.3 B/2 L 30% 4.88 1.1 Sec 

Vertical sync and transition 
Detail 2 

Notes: Unless otherwise specified. * 

1. A l l  dimensions nominal unless otherwise indicated 
2. The rise time, being determined by a 500 KC low 

pass filter, shall be .8 psec nominal 
3. H = Line period = 312.5 p sec 
4. B =  White to black amplitude 
5. Porch duration (4.88 p sec) 

Figure 48. - Video wave form diagram 
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TABLE 36 .  - VIDEO OUTPUT SIGNAL REQUIREMENTS 

~ Mission Phase 

Bench checkout I 
Environment I S / N  

Ambient I 37 

Speci f ied  ope ra t iona l  
des ign  parameters 

Spec i f  ied ope ra t iona l  
des ign  temperature, 
p ressure ,  p ressure  
humidity and ox ida t ion  

31 

34 

Any pe r iod ic  noise  pulses  such as power supply sp ikes  t h a t  appear i n  t h e  out -  
put video are  l imi t ed  i n  amplitude t o  t w i c e  t h e  peak-to-peak va lue  o f  t h e  ran-  
dom noise  level. S igna l  t o  noise  s h a l l  be  measured from the random noise  level. 

The o p t i c a l  system i s  a two l ens  t u r r e t  composed of a standard A p o l l o  80" 
field-of-view (FOV), f 2  l ens  and a q u a l i f i a b l e  l ens  w i t h  10" t o  15" f i e ld -o f -  
view, f2. 
i l l umina t ion  on t h e  v id icon  photo conductor over a range of 0.1 t o  30 foo t  
candles.  A 3 db reduct ion  i n  t h e  spec i f i ed  s igna l - to-noise  r a t i o  requi re -  
ments may accompany a h i g h l i g h t  i l l umina t ion  i n  the  range of  0 .1  t o  0.5 foot -  
candle on t h e  photo conductor. The video l i n e  spacing f o r  both l ens  i s  shown 
i n  f i g u r e  49.  
Primate Spacecraf t ,  modi f ica t ions  are required t o  bypass t h e  power switch and 
probably t o  remove t h e  p i s t o l  g r i p  handle. A l s o ,  t h e  l e n s  mount w i l l  be 
removed and camera case modified t o  accept  a power ac tua ted ,  two l ens  t u r r e t .  
Some q u a l i f i c a t i o n  t e s t i n g  w i l l  be required t o  prove t h e  t u r r e t ' s  i n t e g r i t y .  
The o u t l i n e  dimensions are  shown i n  f i g u r e  50. The standard A p o l l o  lens is 
shown, the  narrow angle l ens  w i l l  be longer. 

The equipment i s  capable of performing wi th  an  inc iden t  h i g h l i g h t  

To adapt the standard Apollo t e l e v i s i o n  camera f o r  use i n  t h e  

Within t h e  L i f e  C e l l ,  t h e  cage i l l umina t ion  source w i l l  be shaded from 
the  camera o p t i c s  such t h a t  no d i r e c t  l i g h t  i s  w i t h i n  the  f i e l d  of  view, 
A l s o ,  t h e  cage su r faces  and equipment su r faces  which are w i t h i n  the  FOV w i l l  
be prepared i n  a manner which w i l l  reduce h igh l igh t s .  
s t r i p e  w i l l  be  included w i t h i n  t h e  FOV f o r  comparison wi th  t h e  pr imates ' sk in  
co lor ing .  This  w i l l  provide i n o r b i t  comparison which w i l l  e l imina te  any 
questions of camera d r i f t s ,  equipment noise  changes o r  down l i n k  noise. 

A f ive-gray-sca le  t e s t  

Telev is ion  i n t e g r a t i o n  wi th in  t h e  L i f e  C e l l :  
composed of  two t e l e v i s i o n  cameras and one video recorder .  
modes of ope ra t ion  are planned: 

The t e l e v i s i o n  subsystem is 
The following 

(1) Transmit real  t i m e  t e l e v i s i o n  from c e l l  1 
(2) Record t e l e v i s i o n  from ce l l  1 
(3 )  Dump t e l e v i s i o n  
( 4 )  Record t e l e v i s i o n  from c e l l  2 
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I 1 .  With wide angle lens (80°) 

2H inches contains 250 lines (249 spacgs) 
2H - 2(41 .O) tan 26.5O 
249 249 Line spacing = - - 

= 0.164 inches 

2. With narrow angle lens (10 ) 
0 

0 2H - 2(41) tan 3 
249 249 Line spacing = - - 

= 0.017 inches 

~ ~~ 

Figure 49. - Video line spacing 

(5) 
(6) 

i s ,  l ens  t u r r e t  p o s i t i o n ,  wide ang le  l e n s  o r  narrow angle l ens .  

Transmit real t i m e  t e l e v i s i o n  from ce l l  2 
For each of t h e  above f i v e  func t ions  t h e r e  are two modes each, t h a t  

The requi red  system con t ro l  w i l l  be provided by a t e l e v i s i o n  con t ro l  
module. Th i s  module w i l l  provide f o r  t u r r e t  d r i v e  c o n t r o l ,  s e l e c t i o n  of 
t e l e v i s i o n  camera, tu rn  on t h e  microphone f o r  primate voice ,  and app l i ca t ion  
of t i m e  annota t ion  from t h e  programmer sequencer. Te lev is ion  system a c t i v a -  
t i o n  and recorder  t u r n  on i s  p e r  t h e  t i m e  l i n e  f i g u r e  51. 
r equ i r e s  approximately 20 seconds warmup. This func t ion  w i l l  a l s o  be  pro- 
vided by t h e  t e l e v i s i o n  con t ro l  module by supplying camera power p r i o r  t o  
recorder o r  t r ansmi t t e r  power. 
be from t h e  programmer/sequencer and the  up-date l i n k .  

The Vidicon tube 

Inputs  t o  t h e  t e l e v i s i o n  con t ro l  module w i l l  

The t u r r e t  w i l l  be mechanized such t h a t  t h e  wide angle  l ens  w i l l  be i n  
p lace  f o r  t h e  normal p o s i t i o n ,  spr ing  r e tu rn  t o  normal, and upon ground 
command/or feeder/waterer proximity switch s igna l .  The power d r i v e  w i l l  
r o t a t e  t h e  t u r r e t  t o  i t s  narrow angle  pos i t i on  as long as the  command is 
r e t a ined .  
switch ac tua ted  command. 

An over r ide  ground command w i l l  provide a d i s a b l e  of t he  proximity 
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lock button 

Figure 50. - Video camera outline dimensions 

Provis ions  w i l l  be made f o r  ground commands t o  select which cage i s  
t e l e v i s e d  during real  t i m e  and switching from one cage t o  the  o the r  w i l l  a l s o  
be poss ib l e ,  

Upon passing ou t  of ground c o n t r o l  range, the  t u r r e t  w i l l  au tomat ica l ly  
r e t u r n  t o  normal pos i t i on ,  wide angle, and a resumption of the  t i m e  l i n e  
func t ions  w i l l  a l s o  au tomat ica l ly  commence The Telev is ion  System Block 
Diagram, as shown i n  f i g u r e  52. 

During the  four teen  hours of simulated day l igh t ,  t h e  l i f e  c e l l  i l lumina- 
t i o n  system i s  required t o  provide a minimum of 25 foot-candles of i l lumina- 
t i o n  i n  t h e  l i f e  c e l l .  
f i g u r e  53. I n  o rde r  t o  s impl i fy  the  i l lumina t ion  des ign  task ,  t h e  l i f e  c e l l  
conf igu ra t ion  of f i g u r e  54 w a s  assumed. 

A preliminary l i f e  c e l l  con f igu ra t ion  is  shown i n  

The w a l l s  of t he  l i f e  c e l l  were assumed t o  be r e f l e c t i v e  and have pe r fec t  
d i f f u s i o n ,  r e s u l t i n g  i n  a r e f l e c t i o n  f a c t o r  o f  0.7, 
the r e f l e c t i o n  f a c t o r  f o r  polished aluminum, po rce l a in  enamel, o r  d u l l  whi te  
pa in t .  
b r i g h t  whi te  pa in t .  

This  i s  approximately 

Ref l ec t ion  f a c t o r s  of 0 .9  are obta inable  using mirrored g l a s s  o r  

- 
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L 
LOW reflection floor - 66" m 

Figure 53. - Life cell configuration 

29" / 
/ / I  / 

A--- - - - - - - - - .  I 

Figure 54. - Approximate life cell configuration 
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An average wa l l  r e f l e c t i o n  fac tor  Pw o f  0 . 5  was assumed f o r  the 
s i m p l i f i e d  configuration. 
were assumed a s  0.7 and 0 . 1  respec t ive ly .  

Ce i l ing  and f l o o r  r e f l e c t i o n  fac tors ,  p c  and pf, 

The room c o e f f i c i e n t  (k ) is :  
1: 

h ( e  + w) 
2 e w  

kr = 

= 0.933 

A p l o t  of E/Boc f o r  data ava i lab le  i s  shown i n  f igure  55.  

0 

Figure 55. - Component ceiling lighting 
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For  the  working plane i l lumina t ion ,  E ,  t o  be 25 foot-candles,  the  r a t iona l i zed  
br ightness ,  Boc, of the  c e i l i n g  must  be: 

E - = 0.5 (from f i g u r e  54) 
Boc 

e 25 f t - c  e - 50 f t . - 1  - 0.5 

The t o t a l  c e i l i n g  f lux ,  c$,, f o r  a 2.5 f t  x 3.0 f t .  c e i l i n g  is: 

50 ft-L) (2.5 f t )  (3.0 f t )  y 545 lumens 
0.7 4JC = ( 

Since the  source plane i s  approximately 1.5 f t  x 2.5 f t ,  the  source plane 
br ightness ,  B is: 

P 

145 f t -1 .  - 545 Lumens 
Bp (1.5 f t )  (2.5 f t )  

Assuming a luminaire panel transmission f a c t o r  of 0.7, f lux ,  c$i, i n s ide  of 
the  luminaire is: 

- 145 ft-L) (1.5 f t )  (2.5 f t )  = 780 lumens 
0.7 +i - ( 

Assuming a luminaire e f f i c i ency  of 80%, lamp lumens required,  a re :  

To provide t h i s  quant i ty  of lamp f lux ,  e igh t  s ix- inch  T-5 f lo re scen t  lamps 
and approximately 32 watts of power a r e  required f o r  each c e l l .  

The s impl i f ied  ana lys i s  of the  i l lumina t ion  requirements and r e s u l t i n g  
power al lotment  w a s  adequate f o r  a preliminary design of the  Primate cel l .  
A more de t a i l ed  ana lys i s  i s  required t o  determine the  e f f e c t  of configura- 
t i o n a l  changes and the  e f f e c t  of d i f f e r e n t  sur face  coa t ings  as we l l  as the  
e f f e c t  of sur face  degradation. 

An i l lumina t ion  network has been derived f o r  the  primate c e l l ,  the  solu-  
t i o n  of which i n  an inverted matrix form permits a parametric study of i l l u -  
mination wi th in  the  primate c e l l .  Pos i t i on  and loca t ion  of the  primate may 
be var ied,  sur face  c h a r a c t e r i s t i c s  can be var ied,  and loca t ion  of t he  i l l u -  
mination sources can be  var ied.  

The shape f ac to r s  from a l l  sur faces  wi th in  t h e  primate c e l l  were de t e r -  
mined u t i l i z i n g  the  CONFA€ I1 computer program. 
i d e n t i c a l  with the  present  c e l l  design i n  dimensions and shape. The primate 
was modeled as two cy l inders ,  6 by 6 inches f o r  the  head and 9 by 12 inches 

The c e l l  o u t l i n e  used was 

VOL 111 151 



f o r  the  t runk  of the  primate. Because of the  transformation da ta  wi th in  the  
CONFAC I1 program it i s  poss ib le  t o  loca t e  the  primate a t  any loca t ion  wi th in  
the  primate c e l l  and i n  any o r i e n t a t i o n ,  

The shape f a c t o r s  with the  corresponding r e f l e c t i v i t e s  were in se r t ed  i n t o  
a r ad ia t ion  interchange matrix,  and inverted on the  1620 IBM computer f o r  
two cases ,  the  primate a t  a pos i t i on  j u s t  beyond the  working panel and i n  the  
mass-measurement device.  Two l i g h t  sources were considered; one l i g h t  source 
w a s  behind the  screen g r i d ,  the  o the r  l i g h t  source was located on the c e i l i n g .  
The r e s u l t s  a r e  tabula ted  below i n  Table 37 .  

TABLE 37. - IRRADIATION OF LIFE CELL SURFACES 

CASE A ILLUMINATION BEHIND GRID 
125 FOOT LAMBERTS AT GRID 

ILife  c e l l  i n t e r i o r  sur faces  

Side i r r a d i a t i o n  (P = .7) 

Waste screen (P = .1) 

Res t ra in t  g r i d  (P = .5) 

Top of c e l l  (P = .7) 

M/M device (P = .7) 

Onto primate (P = .5) 

S ide  i r r a d i a t i o n  

Waste screen 

Res t r a in t  g r i d  

Light plane a t  top 

M/M device 

Onto primate 

P r i m a t e  i n  c e l l  

30.4 foot  lamberts 

34.1 

14.0 

22.0 

14.7 

17.8 

Primate i n  M/M device 

30.7 foot  lamberts 

37 .O 
14 .o 
21.9 

14.4 

14.4 

CASE B ILLUMINATION OF TOP OF CELL 
250 FOOT LAMBERTS AT TOP 

32.4 foot  lamberts 

30.4 

21.9 

22.0 

13.6 

27.6 

32.8 foo t  lamberts 

34.6 

21.8 

21 .o 
13.0 

(13.0) 

In  order  t o  determine t h e  e f f e c t  of v a r i a t i o n s  i n  sur face  p rope r t i e s ,  t he  
computer so lu t ion  was extended by means of an equivalent  e l e c t r i c a l  network of 
t h e  r a d i a t i o n  interchange matrix. By so doing, i t  is  poss ib le  t o  separa te  out 
t h e  e f f e c t s  of geometry from those  of sur face  proper t ies .  
r e f l e c t i n g  is  i l l u s t r a t e d  i n  f i g u r e  56. 

The e f f e c t  of w a l l  
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Figure 56. - Effect of wall reflectivity 
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The fou l ing  of t h e  waste screen  may have t h e  e f f e c t  of increasing o r  decreas- 
ing t h e  r e f l e c t i v i t y  of t h e  w a s t e  screen surface.  
i n  t a b l e  38, which t a b u l a t e s  t h e  r a t i o  of i r r a d i a t i o n  t o  c e i l i n g  source luminos- 
i t y .  It i s  evident  t h a t  w i th  extreme va lues  of expected r e f l e c t i v i t i e s  between 
0.1 and 0.25 t he  i r r a d i a t i o n  is only modified s l i g h t l y .  
i l l umina t ion  i s  assumed a t  t h e  c e i l i n g  and w a l l  r e f l e c t i v i t y  i s  assumed as 0.7. 

This  e f f e c t  i s  summarized 

For t h i s  case, u n i t  

TABLE 38. - EFFECT OF WASTE SCREEN REFLECTION 
UPON IRRADIATION OF LIFE CELL 

ste screen  r e f l e c t i v i t y  

r a d i a t i o n  of s i d e s  

r a d i a t i o n  of waste screen 

r a d i a t i o n  of g r i d  screen  

r r a d i a t i o n  of top  of c e l l  ( l i g h t )  

r r a d i a t i o n  of M/M device 

Ref lec t ion  r a t i o s  

.1 .15 .20 '25 

.130 ,131 .131 .131 

.122 .128 .136 .144 

,088 ,088 .088 ,089 

.062 .065 .069 .074 

.057 .057 .057 .057 

.111 .111 .111 .112 

I n  a s i m i l a r  manner i t  w a s  poss ib le  t o  determine the  e f f e c t  of c e i l i n g  
louver c h a r a c t e r i s t i c s .  A t ransparent  louver and a d i f f u s e  louver were assumed 
For the  t ransparent  case,  a g l a s s  louver w a s  assumed, having a transparency of 
0.8 and r e f l e c t i v i t y  of  0.1. 
t r ansmiss iv i ty  of 0.5 were assumed. 
f i x t u r e  sur face  above the  g l a s s  w a s  assumed as 0.8. 
assumed as 0.7, waste r e f l e c t i v i t y  0.1 and gr id  r e f l e c t i v i t y  0.5. 
are tabulated i n  t a b l e  39. 

For the d i f f u s e  case, a r e f l e c t i v i t y  of 0.4 and 
I n  both cases the r e f l e c t i v i t y  of t he  

Wall r e f l e c t i v i t y  w a s  
The r e s u l t s  

TABLE 39. - IRRADIATION OF PRIMATE CELL 
(Source 20 w a t t  T12 lamp) 

Waste screen i r r a d i a t i o n  

Grid screen i r r a d i a t i o n  

Weigh chamber i r r a d i a t i o n  

Primate i r r a d i a t i o n  

154 VOL 111 



The penal ty  f o r  using a non-glare type of f i x t u r e  i s . a  s i g n i f i c a n t  reduc- 
t i o n  i n  i r r a d i a t i o n .  
i n t e r f e r e  with system performance. 

It i s  not  believed t h a t  the g la re  w i l l  s i g n i f i c a n t l y  

From t h i s  s tudy,  it has been concluded t h a t  the  r e s u l t s  of the  s impl i f ied  

These must, 
analyses  are s u b s t a n t i a l l y  co r rec t .  
the  present  design using 32 w a t t  f luorescent  lamps f o r  each cell.  
however, be located a t  the  c e i l i n g ,  and the  l i g h t i n g  f i x t u r e s  must be of a 
t ransparent  r a t h e r  than a d i f f u s e  type. 
s u b s t a n t i a l l y  modify the  luminous environment although foul ing  of the l i g h t i n g  
f i x t u r e s  w i l l  be a very s i g n i f i c a n t  f ac to r .  
a c t u a l  r e f l e c t i v i t i e s  and luminous outputs ,  must be confirmed by test. 

The i l lumina t ion  w i l l  be adequate wifh 

Fouling of  the  waste screen w i l l  not  

These f ac to r s ,  i n  add i t ion  t o  

Biotelemetry receiving:  The biotelemetry r ece iv ing  equipment w i l l  be 
composed of t h ree  itemsi rece iv ing  antennas,  superheterodyne r ad io  receiver, 
with a wideband output ,  and subcar r ie r  f i l t e r s  and demodulator (discriminators),  

The antenna system is composed of th ree ,  orthogonal antennas, tuned t o  the  
c a r r i e r  frequency. 
the  antenna may r equ i r e  lumped constant  tuning t o  provide good impedance 
match t o  the  coax t ransmission l i n e  and r ece ive r ,  depending on the  c a r r i e r  
frequency t o  be used. 
antenna can be considered i n  the f a r  f i e l d  f o r  the  sho r t  antenna t h a t  w i l l  f i t  
i n  the  cage (1/2 meter long). 

The cage s i z e  w i l l  l i m i t  the  antenna length  and therefore  

I n  Trade Study 3 . 2 . 2 . 3  ( r e f .  6 )  it i s  shown t h a t  the  

The required r ece ive r  s e n s i t i v i t y  is  approximately -77.5 dbm fo r  a 50 MHz 
c a r r i e r  and -39.5 dbm fo r  a 200 MHz c a r r i e r .  This i s  based on the  value of 
-50 dbm fo r  the  implanted t ransmi t te r .  To o b t a i n  t h i s  required s e n s i t i v i t y  a 
superheterodyne r ece ive r  w i l l  be required.  The video, IF, output  w i l l  provide 
the input  t o  f i l t e r s  t o  separa te  the  subca r r i e r s  f o r  ECG, r e s p i r a t i o n  and body 
temperature. 
and buffered t o  provide 0 t o  5 v o l t  s igna l s  t o  the te lemetry system. 

These subca r r i e r s  w i l l  be demodulated i n  three  d iscr imina tors  

A d i v e r s i t y  switching system w i l l  be provided t o  select the  b e s t  s igna l  t o  
noise  r a t i o  r ece ive r  video output  to  the  f i l t e r -d i sc r imina to r s ,  f i gu re  57. 

A s  s t a t e d  above, the  biotelemetry system uses th ree  rad io  receivers and 
t h r e e  assoc ia ted  antennas orthogonally placed wi th in  the  cage t o  prevent c ross  
po la r i za t ion ,  thereby insur ing  a continuous s igna l .  Any pos i t i on  change of 
t he  p r ima tes  implanted t ransmi t t ing  antenna (probably cons i s t ing  of only a tank 
c o i l )  w i l l  a f f e c t  t h e  received s igna l  s t r eng th .  This change i n  s i g n a l  s t r eng th  
may be  very small o r  very l a r g e  depending on the  angular change w i t h  respect  
t o  each receiving antenna, 
s e n s i t i v i t y  may be obtained. 

By s e l e c t i n g  a Schmitt t r i g g e r  l e v e l ,  the  required 

By ac  coupling, only changes i n  t h e  s igna l  s t r eng th  output are detected.  
A Schmitt t r i g g e r  is employed t o  d e t e c t  vo l tage  l e v e l  s h i f t s  i n  a cons is ten t  
manner and generate  pulses  of constant  amplitude. 
i n  a d i g i t a l  counter ,  r e s u l t i n g  i n  a count which, when read out  pe r iod ica l ly ,  
i nd ica t e s  primate a c t i v i t y .  

These pulses  are counted 
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Since th ree  antennas and r ece ive r s  are used i n  each cage, the  s igna l  . 
s t r eng th  output from each rece iver  d r ives  a separate Schmitt t r i g g e r .  
al lows f o r  d i f f e r e n t  antenna gains  and rece iver  s e n s i t i v i t i e s  t o  be adjusted 
out  of the  system. The th ree  Schmitt t r i g g e r s ,  with t h e i r  a c  coupled inputs ,  
have t h e i r  outputs  diode summed. This provides a s i n g l e  input f o r  the  counter 
c i r c u i t r y .  

T h i s  

The counter and s h i f t  r e g i s t e r  w i l l  conta in  7 f l i p  f lops  f o r  a maximum 
count of  128  motions i n  a one-minute samp€ing period. 

Time annotat ion w i l l  be provided by the  te lemetry system i n  one-minute 
increments. 

The A c t i v i t y  Monitor block diagram is shown i n  f igure  58 and a typ ica l  
s igna l  s t r eng th  diagram is shown i n  f i g u r e  59. 

Dosimeter: This sec t ion  descr ibes  the  s c i n t i l l a t i o n  counter ,  o r  X-ray 
de tec to r ,  developed and space flown on the  OV1-2 S a t e l l i t e  by Northrop f o r  
t he  A i r  Force Weapons Laborator ies .  The research and development work w a s  
accomplished successfu l ly  by Northrop Systems Laborator ies  and a t o t a l  o f  
18 months of o r b i t a l  f l i g h t  has been achieved on the  FESS r a d i a t i o n  measure- 
ment instrumentation. Only the  X-ray de tec to r  w i l l  be u t i l i z e d  out  of t h e  
FESS space proven r ad ia t ion  instrumentation t o  provide both proton and gamma 
dosimetry f o r  t h e  Orbi t ing  Pr imate  Spacecraft  appl ica t ion .  

The X-ray sensor element cons i s t s  of  a p l a s t i c  s c i n t i l l a t o r  (NE-103) 
mounted on a cesium iodide s c i n t i l l a t o r  c r y s t a l ,  which is then cemented t o  a 
photomult ipl ier  tube.  The p l a s t i c  i s  used t o  d e t e c t  protons,  g iv ing  r ise t o  
a f a s t  pulse.  
unimpeded in to  the  cesium iodide.  The X-rays w i l l  g ive  up a l a rge  amount of 
t h e i r  energy t o  the  cesium iodide,  which has a high e f f i c i ency  f o r  stopping 
X-rays. This energy loss r e s u l t s  i n  a pulse  of l i g h t  and hence a pulse  from 
the  photomult ipl ier  tube.  The cur ren t  from t h e  photomult ipl ier  tube i s  then 
run through a wide-band dc ampl i f ie r  t o  a d i g i t a l  converter .  
is shown as f i g u r e  60. 

The X-rays do not l o se  much energy i n  p l a s t i c ,  and pass 

A block diagram 

As seen i n  the  diagram, a logarithmic diode i s  used t o  ob ta in  logarithmic 

The reference diode 
expansion of four orders  of magnitude f o r  the  photomult ipl ier  tube and thus 
provide a range from one mil l i rad/hour  t o  t e n  rads/hour. 
provides a s t a b l e  base vol tage  f o r  the  d i f f e r e n t i a l  ampl i f ie r  aga ins t  which 
any d r i f t  c a l i b r a t i o n  co r rec t ions  can be  made. 

The d i g i t a l  converter  c o n s i s t s  of  a n  analog t o  d i g i t a l  conver te r  which 
converts  the  0 t o  5 v o l t  dc output  of the  dc  ampl i f ie r  i n to  a s ix  b i t  b inary  
word. 
converter i n t o  the  dosimeter counter once p e r  second by the telemetry master 
clock.  

The d i g i t i z e d  dose rate is then read out of t he  analog t o  d i g i t a l  

Thus, t h e  dosimeter counter performs the  in t eg ra t ion  func t ion  and accumu- 
lates the  dose rate aga ins t  t i m e  t o  g ive  the  t o t a l  d a i l y  r a d i a t i o n  dose i n  
mil l i rads/day.  
accumulated i n  e i t h e r  m i l l i r a d s  o r  rads ,  as t h e  experimenter des i r e s .  

By varying the  c lock  sampling i n t e r v a l ,  t h e  dosage may be 
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Figure 58. - Activity monitor block diagram 
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Figure 59. - Biotelemetry signal strength 

The X-ray Detector  i s  designed t o  measure the energy per u n i t  t i m e  which 
bremsstrahlung from e l e c t r o n s  s t r i k i n g  the sh i e ld ing  of the instrument w i l l  
produce i n  a t h i n  cesium iodide c r y s t a l .  Spec i f i ca t ions  are shown by t a b l e  40. 

The s c i n t i l l a t o r  assembly i s  cemented t o  an RCA 4439 photomultiplier tube 
with a so l i t hane  cement. 
g r a m  had demonstrated i t s  usefulness under the  environmental conditions.  The 
photomul t ip l ie r  tube i s  coated with a s i las t ic  rubber,  RTV-11, and surrounded 
with a m e t a l  sh i e ld  which i s  maintained a t  the photocathode p o t e n t i a l .  
tube i s  then wrapped with seve ra l  l a y e r s  of t e f l o n  tape,  and in se r t ed  i n t o  a 

Solithane w a s  se lec ted  for  use a f t e r  an  ex tens ive  pro- 

The 
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Figure 60. - Block diagram x-ray detector 

TABLE 40. - X-RAY DETECTOR SPECIFICATIONS 

Property 

Weight 

Power 

Cry s t a 1 

Sens it i v i  t y  

Telemetry 

Value 

2.20 pounds 

0.5 w a t t s  

C S I  (Te) I- NS-103 

1 mi l l i rad /hour  t o  10 rads  

1 d i g i t a l  output ,  16 b i t  word 
2 analog temperature outputs  

foam s h e l l ,  The foam shell  i s  then pressed i n t o  the  2-inch diameter aluminum 
sensor housing (shown i n  f igu re  61). 
terminal board a t  the  base of  the  tube,  which i s  pot ted with s i l a s t i c  rubber ,  
using the foam s h e l l  as a cup. 
keeps i t  posi t ioned i n  the  sensor housing. 

The dynode components are mounted on a 

The foam s h e l l  b u t t s  i n t o  a r e t a i n e r  r i n g  which 

The high vol tage  supply f o r  the photomult ipl ier  tube i s  packaged i n  a s e l f -  
contained can a t  the  o ther  end of the  sensor housing. The supply cons i s t s  of  
two pr in ted  c i r c u i t  boards pot ted i n  the  metal case.  A l i d  i s  soldered on the  
end of the  can w i t h  f ingers tock  insur ing  contac t  with the  housing. 
vo l tage  lead from the  supply i s  connected t o  the  photocathode lead through ex- 
t e r n a l  microdot connectors.  

The high 
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Figure 61 - X-ray detector sensor assembly 

, r  

The s i g n a l  leads  i n  the  X-ray de tec to r  and the  c i r c u i t  ground, are bought 
ou t  of  t h e  sensor housing by microdot connectors and/or nine-pin connectors. 
The input  power i s  supplied through the  nine-pin connector,  from the  junc t ion  
box. 

The sensor sh i e lds  are designed t o  minimize the  r a d i a t i o n  background and 
The X-ray de tec to r  sh i e ld  to  de f ine  s e n s i t i v e  ape r tu re s  f o r  the  instruments.  

i s  e n t i r e l y  of aluminum. -.__ - 

I n  order  t o  c a l i b r a t e  the X-ray d e t e c t o r ,  the energy f l u x  s t r i k i n g  the  
cesium iodide c r y s t a l  w a s  ca lcu la ted  fo r  peak f l u x  i n  the inner Van Allen b e l t .  

This w a s  es t imated as 1.08 x 10 Mev/sec. The photomult ipl ier  tube saturates 
near 100 p a ;  thus the maximum cur ren t  ca lcu la ted  fo r  the peak f l u x  w a s  l imited 
t o  20 pa t o  provide a f a c t o r  of 5 for  s a fe ty .  
derived i s  then 

5 

The c a l i b r a t i o n  f ac to r  t o  be 

Mev 
pa sec = 5400 

1.08 x lo5  MeV 
5 

Fcala  20 p a  sec 

The c a l i b r a t i o n  procedure i s  t o  i r r a d i a t e  the de t ec to r  with a 1-mc cesium-137 

source,  the c r y s t a l  i s  shielded by 5 gm/cm aluminum. Only the cesium-137 
gamma and bremsstrahlung w i l l  be present  ins ide  the sh i e ld .  A multichannel 
ana lys i s  i s  made of the  anode p u l s e s  from the  photomult ipl ier  tube,  and the 
anode cur ren t  i s  monitored. The energy c a l i b r a t i o n  p e r  channel w a s  done by 
iden t i fy ing  the 662 Kev cesium-137 gamma peak, 3.28 Kev/channel, and ca l cu la t -  

2 
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8 ing  the  area under the spectrum, 1.02 x 10 counts channels.  Therefore the  

Mev/sec with the  anode Ia, cu r ren t  measured, being 0.120 a. 
' t o t a l  energy f l u x  seen by the  c r y s t a l  i s ,  fo r  a t i m e  of  600 seconds, ET = 557.5 

5483 Mev/ka sec I e - =  
Fmeas I~ 

I f  the  measured F does no t  equal  the ca lcu la ted  F, the  high vol tage  could be 
adjusted t o  y i e ld  the c o r r e c t  masured  F. This i s  done by cons t ruc t ing  a 
curve of anode cu r ren t  versus  high vo l t age ,  as shown by f igu re  62. The r a t i o  
o 

and the high vol tage  i s  adjusted t o  y i e ld  t h i s  cu r ren t ,  from f igu re  63. 

determines the  cu r ren t  Ia required t o  y i e l d  t h e  c o r r e c t  f a c t o r ,  Fmea s IF ca 1 c 

The anode cu r ren t  i s  converted t o  a dc vol tage output  by the appropr ia te  
e l e c t r o n i c s ,  and a r ep resen ta t ive  p l o t  of t h i s  da ta  a t  room temperature is 
shown i n  f igu re  63. 

Data Processor:  The Data Processor c o n s i s t s  of l og ic  c i r c u i t r y  coupled t o  
b inary  r e g i s t e r s  and accumulative counters  which convert  event pu lses  from . 
microswitches i n  the  Behavioral  Panel, Feeder, Waterer, and Exerciser  i n t o  
binary wards r ep resen t ing  s t a r t / s t o p  t i m e s  t o  t o t a l  elapsed t i m e s .  
ing  clock pulses  are obtained from the  c e n t r a l  t iming u n i t  of the Programmer 
and Sequencer. 

The d r i v -  

The Behavioral  Panel suppl ies  the primate with a reward of food or  water 
upon s a t i s f a c t o r y  completion of var ious  tasks .  The amount of work required 
t o  perform a given t a sk  i s  programmable and can be se lec ted  by ground command. 
Also, f r e e  food o r  water can be made ava i l ab le  by an  over r ide  f ea tu re  i n i t i a t e d  
by up-link commands. To f a c i l i t a t e  t h i s  desc r ip t ion ,  re ference  i s  made t o  
f igu res  64 and 65. 

With the exception of t iming and over r ide  f ea tu res  of the programmer 
sequencer, the  Behavioral  Panel e l e c t r o n i c s  i s  self-motivated regarding s t i m -  
u lus  and performance monitoring of  the panel. Task s e l e c t i o n  c i r c u i t r y  
selects the t a sk  t o  b2 performed which i n i t i a t e s  the st imulus and task  lamp. 
The T i m e  and Responses c i r c u i t r y  monitors and prepares  f o r  s torage the t i m e  
from onse t  of s t imulus t o  completion of the  task.  Provis ions t o  compare the 
se l ec t ed  t a s k  with the t a s k  handle a c t i v a t i o n s ,  and thereby determine i f  the 
t a sk  w a s  performed properly o r  improperly, a r e  i l l u s t r a t e d .  Data regarding 
the a t t e m p t s  a t  the  t a sk  are time-annotated and prepared fo r  s torage.  I f  the 
t a sk  r equ i r e s  a r epea t  performance due t o  e r r o r s ,  the repeat t a sk  c i r c u i t r y  
informs the task  selector ,which repeats the onset  of s t i m u l i  and task  lamp. 
For a properly performed task, water o r  food reward i s  made ava i l ab le  t o  the  
primate. Override by ground command i s  poss ib le  f o r  repeated e r r o r s .  Onboard 
programming provides a scramble sequence f o r  present ing  the  task.  Ground 
command can change the  scramble sequence and a l s o  over r ide  t a sk  requirements 
f o r  food o r  water. 

There a r e  two independent panels,  one f o r  each p r i m a t e .  
The preceding d iscuss ion  involved one primate and the  Behavioral Panel. 

The task  employing the  
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Figure 62. - Final calibration x-ray flight unit 

audio c l i c k  stimulus i s  a l s o  independent f o r  each primate. The s t a r t l e  response 
i s  appl ied simultaneously t o  both primates due to t h e i r  c lose  proximity. More 
d e t a i l  i s  presented i n  f igu re  64 regarding sequencing and c o l l e c t i n g  of da ta .  
The purpose of the c i r c u i t r y  i s  t o  time-tag, wi th in  10 mil l iseconds,  var ious 
t a sks  performed by the  primates. Also, r eac t ion  t i m e  of the  primate from onset  
of st imulus u n t i l  completion of the  t a sk  i s  t i m e  tagged. Provision t o  scramble 
t a s k  sequencing i s  provided and monitoring t o  insure  co r rec t  responses have 
been performed. Should a primate refuse t o  work f o r  reward, over r ide  by ground 
command w i l l  supply f r e e  food o r  water.  Data i s  co l l ec t ed  on a s  occurs b a s i s ,  
s to red  and dumped t o  the  ground s i t e  with o the r  data .  
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Figure 63. - Calibration flight of x-ray unit at  +SO0 F 

Various t a sk  da ta  a r e  sequenced, t i m e  annotated and s tored  i n  the  temporary 

Se lec t ion  of a bu f fe r  s torage  
s torage .  
it i s  t r ans fe r r ed  t o  the  magnetic tape recorder .  
requi res  t h a t  s eve ra l  assumptions be made regarding the da t a  produced by each 
primate . 

When a s u f f i c i e n t  amount of da ta  i s  accumulated i n  the bu f fe r  s torage,  

(1) N o  more than one t a sk  can be performed wi th in  one second. 

(2) 

(3) 

Maximum responses of 10 per second. 

Maximum b i t s  per response is  12 ( 4  i d e n t i f i c a t i o n  and 8 t i m e  b i t s )  
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( 4 )  Maximum b i t s  t h a t  can occur during one second i s  120 b i t s  o r  240 b i t s  
f o r  both primates. 

(5) S u f f i c i e n t  s torage  should allow a 5-minute recording of an EKG without 
i n t e r rup t ion .  Therefore, the  s torage  should handle 5 minutes of behavioral  
panel a c t i v i t y  a t  the  h ighes t  r a t e  of 120 b i t s  per.second. This requi res  a 

s torage  of 36 x 10 3 b i t s  f o r  each primate. 

(6) This la rge  quant i ty  of b i t s  i s  worst  case and could be decreased 
through design techniques. 
i n  the  method of t i m e  annotation. 

A reduct ion i n  b i t  requirement should be r ea l i zed  

The output of the  waterer  i s  a switch ac t ion  energized by the pr imate 's  
mouth which a c t i v a t e s  log ic  c i r c u i t r y  i n  the  da ta  processor t o  meter water 
flow. Input t o  a c t i v a t e  the  water nozzle is a successfu l  completion of required 
tasks ,  o r  a ground command t o  over r ide  t a s k  performance'which enables log ic  
c i r c u i t r y  i n  the  da t a  processor t o  permit water flow. The feeder  requi res  the  
smne inputs  f o r  a c t i v a t i o n  as the  waterer .  A food p e l l e t  i s  de l ivered  through 
the  mouthpiece upon proper completion of a task  and placement of mouth around 
the  nozzle, enabl ing log ic  c i r c u i t r y  i n  the  da ta  processor. Performance of a 
t a s k  w i l l  provide e i t h e r  food o r  water; the  primate s e l e c t s  the  des i red  one. 

The da ta  processor contains  the  ana log- to-d ig i ta l  converter  c i r c u i t r y  f o r  
the  dosimeter, as wel l  a s  t he  accumulative dosimeter 16-b i t  counter.  Samples of 
t he  analog 0 t o  5 v o l t  dc dosimeter dose rate are obtained each second, d i g i t a l -  
converted, and added t o  the t o t a l  on the dosimeter counter.  On readout com- 
mand of the  programmer, the t o t a l  in tegra ted  dosage is  read out  i n t o  the  
d i g i t a l  mult iplexer .  The da ta  processor acquires  s t a t u s  events  s igna l s  from 
switch c losures  o r  vol tage impulses from the  l i f e  c e l l s  and the  var ious sup- 
por t ing  spacecraf t  subsystems. These event  s igna l s  a r e  encoded by 8 - b i t  
binary r e g i s t e r s  i n t o  psuedo binary words wherein the  b i t  loca t ion  i d e n t i f i e s  
the  event and the  one s t a t e  s i g n i f i e s  the  event occurrence. The events  binary 
words a r e  read out  of the da ta  processor on the  programmer command i n t o  the  
d i g i t a l  mult iplexer  and are in t e r l aced  i n t o  the  d i g i t a l  da ta  stream. 

External  on the  spacec ra f t ' s  ou te r  s h e l l  and a 
adjacent  t o  the  recovery capsules,  a Spacecraf t  S t a tus  Panel w i l l  be located 
t o  be c l e a r l y  v i s i b l e  from the windows of the  Apollo command module. The 
purpose of the  s t a t u s  panel i s  t o  warn the  as t ronauts  of any major unsafe 
condi t ions e x i s t i n g  i n  the  Orbi t ing Primate Spacecraf t  p r i o r  t o  docking o r  

Spacecraf t  s t a t u s  panel: 

p r i o r  t o  removal of the  recovery capsule.  
. 

The S t a t u s  Panel w i l l  cons i s t  of th ree  high i n t e n s i t y  incandescent l i g h t s  
of 90' beamwidth arranged i n  a t r i ang le .  The top o r  apex l i g h t  w i l l  s i g n i f y  
spacecraf t  unsafe condi t ion  by one-half second f lashes .  
hand l i g h t s  of the  t r i a n g l e ,  numbers 1 and 2 recovery capsules respec t ive ly ,  
w i l l  s i g n i f y  capsule unsafe condi t ions  by 2 second f lashes .  
system of the  panel is r e l ay  dr iven  by separa te  s o l i d  s t a t e  log ic  c i r c u i t s  which 
a r e  a c t i v i t e d  by the s t a t u s  s igna l  outputs  from the  s i g n a l  condi t ioner .  
s i g n a l  condi t ioner ,  i n  tu rn ,  der ives  i t s  inputs  from the  spacecraf t  subsystems' 
t ransducers  and sensors  which measure the  opera t iona l  s t a t u s  on performance of 
each subsystem. By se l ec t ing  the  proper combination of sensor  and-transducer  
outputs  t o  key the logic  c i r c u i t r y  through vol tage- level  t r i g g e r s ,  the  s t a t u s  
panel l i g h t  can be keyed on i n  t h e  f lash ing  mode t o  ind ica t e  the  unsafe condi- 
t i o n  des i red .  

The r i g h t  hand and l e f t  

The l i g h t  f lash ing  

The 
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Sta tus  Mult iplexer:  The s t a t u s  mul t ip lexer  monitors and sends t o  the ground 
s t a t i o n ,  s i g n a l s  of s u f f i c i e n t  information t o  determine the  opera t iona l  s t a t u s  
of the  spacecraf t .  A s impl i f ied  block diagram of the  s t a t u s  mult iplexer  i s  
shown i n  f i g u r e  6 6 .  A p a r t i a l  l i s t  of the d a t a  poin ts  a r e  c lock  frequency, 
power suppl ies ,  and timing s igna ls .  

--e---.- 

to S-IVB stage T/M 

Figure 66. - Status multiplexer block diagram 

P r i o r  t o  l i f t - o f f ,  t he  s t a t u s  s i g n a l s  i n t e r f a c e  with the  ground s t a t i o n  
through GSE equipment and connections.  
p lexer  
te lemetry wi th  the  r e s u l t i n g  spacec ra f t  s t a t u s  s igna ls .  

P r i o r  t o  sepa ra t ion  the  s t a t u s  mult i -  
commutates s e l ec t ed  spacec ra f t  engineering s i g n a l s  and provides S-IV-B 

Advance development areas. - The following s e c t i o n  d iscusses  the  instrumen- 
t a t i o n  sub-area component poss ib le  development areas and suggests  poss ib le  ap- 
proaches. 
be redefined based on a c t u a l  experimental  r e s u l t s .  

Upon conclusion of the  labora tory  t e s t  model t e s t i n g ,  these  areas w i l l  

The development of  t he  biotelemetry r ece iv ing  antenna system w i l l  r equ i r e  
s imulat ion of the cage and the p l o t t i n g  of antenna p a t t e r n s  t o  e s t a b l i s h  adequate 
cage coverage. The impedance matching w i l l  be a method of increas ing  the  elec- 
tr ical  length  of  the s h o r t  antenna. 
range, t he  antenna type and loading technique w i l l  be determined. 

Depending upon the  se l ec t ed  frequency 
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For the  a c t i v i t y  monitor experiments w i l l  be requi red  t o  determine the  
s igna l  s t r eng th  range and s e n s i t i v i t y  required t o  provide an  output  pulse  from 
the Schmitt t r i g g e r  f o r  a given amount of t o r s o  motion, and t o  ob ta in  c o r r e l a t i o n  
between primate a c t i v i t y  p a t t e r n s  and the a c t i v i t y  count. 
- I  

For the  mass measurement device,  due t o  the  problems noted i n  t h i s  area it 
i s  recommended t h a t  a t e s t  program be in s t iga t ed  t o  develop a s u i t a b l e  weighing 
technique, The a d i a b a t i c  volume measurement system is suggested as the most 
promising approach f o r  prel iminary t e s t i n g .  It does have some se r ious  drawbacks 
however, which must be inves t iga ted .  These are: 

(1) Cooperation of p r i m a t e  i n  en te r ing  mass measurement device.  
(2) 
(3)  Confinement of p r i m a t e  i n  a small closed chamber. 
( 4 )  Contamination of  the  measurement device with deb r i s .  

Preliminary equipment l i s t .  - A prel iminary l i s t  of equipment required i n  

Inf luence of p r i m a t e ' s  b rea th ing  upon accuracy. 

the Ins t rumenta t ies  Subsystem i s  itemized i n  t a b l e  41. 

TABLE 41. - INSTRUMENTATION SUBSYSTEM 
P E L  IMINARY EQUIPMENT LIST 
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TABLE 41. - (concluded) 

Descr ipt ion 

Experiment sensors  
t a b l e  33 

Engineering sensors  
t a b l e  34 

Signal  condi t ioner  
assy .  

Do s i m e  t er 

Data processor 
u n i t  

Astronaut s a f e t y  
s t a t u s  panel and 
e l e c t r o n i c s  

S t a t u s  mul t ip lexer  

Mass -measurement un i l  

Suggested 
ianuf ac t urer  

Various 

Various 

N SL 

N SL 

N SL 

NSL 

NSL 

NSL 

P a r t  No. 

Spec ia l  

Spec ia l  

Spec ia l  

Spec ia l  

Spec ia l  

Spec ia l  

Quantity pel 
spacecraf t  

64 

12 5 

2 

1 

1 

1 

2 

Mass measurement device: Determination of a body's mass i n  a zero g r a v i t y  
f i e l d  i s  a d i f f i c u l t  problem s ince  weight forces  by which masses a r e  normally 
measured are t o t a l l y  absent.  From bas ic  physics we know t h a t  mass e x h i b i t s  
o the r  p rope r t i e s  which are amenable t o  measurement, independent ot a g rav i t a -  
t i o n a l  f i e l d .  
required t o  change ve loc i ty .  Mass a l s o  occupies a f i n i t e  volume, and may be 
measured volumetr ical ly ,  i f  the  d e n s i t y  of the  mass i s  known. Thus, i t  i s  pes- 
s i b l e  t o  make mass determinat ions under zero g r a v i t y  condi t ions ,  a t  l e a s t  i n  
the  case  of an  i d e a l  rigid-body homogenous mass. 

Mass possesses the  property of i n e r t i a ,  t h a t  i s  t h a t  a force  i s  

Mass measurement of animate ob jec t s ,  such as the  primates,  is a problem, 
s ince  these  o b j e c t s  are f a r  from the  i d e a l  case.  Rigid-body assumptions a r e  
not v a l i d  and body volume i s  not  homogeneous and i s  influenced by breathing.  
With man, these  problems may be reduced with h i s  cooperat ion by holding himself 
as r i g i d  as poss ib le  f o r  i n e r t i a l  measurement, o r  by holding h i s  brea th  long 
enough f o r  a volume measurement, 
cooperat ion e x i s t s ,  
and even brea the  harder  due t o  f e a r  o r  excitement. 

I n  the  case of monkeys, however, no such 
H e  could move around, r e s i s t  any attempt t o  r e s t r a i n  him, 

Body weight changes are one of the  more important i nd ica to r s  of t he  animal 's  
phys ica l  condi t ion .  
Some c o n t r o l  i s  poss ib le  by changing the amount of food ava i l ab le  i f  the subjec t  
i s  taking food. I f  he i s  re fus ing  food, then l i t t l e  can  be done, but  the weight 
d a t a  i s  s t i l l  important t o  the phys io logis t ,  

Excessive weight ga in  o r  loss would ind ica t e  a problem. 
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Small v a r i a t i o n s  i n  weight on an hourly o r  d a i l y  b a s i s  a r e  normal. Def in i te  
weight t rends  can be ascer ta ined  from d a i l y  measurements p l o t t e d  over a per iod 
of a week o r  so. 
51% of body weight o r  b e t t e r .  
i n  da ta  which has  more than 52% e r r o r ,  then the  sub jec t  must experience a 
la rge  change before  i t  can be detected.  
l i t t l e  he lp  t o  the  phys io logis t ,  s ince  the  animal would already be i n  t rouble  
before  the  problem i s  detected.  

Thus, the  weighing requirement may be summarized a s  follows: Measurement 
of weight, mass o r  volume, must be determined t o  1% accuracy. However, absolute  
accuracy, including c a l i b r a t i o n  t raceable  t o  NBS primary s tandards,  i s  not a 
s t r i n g e n t  requirement; 
precis ion,  threshold,  and r e p e a t a b i l i t y  of the  d a t a  on an end-to-end bas i s ,  
including te lemetry and ground de tec t ion  and d i sp lay  equipment. 

Determination of e a r l y  t rends  implies  accurate  measurement 
I f  accuracies  o r  s e n s i t i v i t y  thresholds  r e s u l t  

Er rors  a s  la rge  as 510% would be of 

+lo% i s  acceptable  and the  t.l% accuracy r e f e r s  t o  the  

(1) Sample r a t e  weighing i s  des i red  a t  least once p e r  day. The weighing 
should not  impose on acce le ra t ion  force  g rea t e r  than 0.01 g. 

(2) The a m i m a l  may be t ra ined  t o  en te r  a weighing device,  i f  necessary,  
as a task  funct ion with st imulus cues and rewards t o  r e in fo rce  the  task.  The 
more simple and p leasna t  the  t a sk ,  the g rea t e r  the  p robab i l i t y  of gaining h i s  
cooperation. 

(3)  The animal cannot be required t o  cons t r a in  himself ,  s t i f f e n  h i s  body, 
hold h i s  brea th ,  o r  otherwise behave i n  an unnatural  manner. 

The most promising technique t o  determin the  weight ar mass of the  primate 
Body appears t o  be the  ad iaba t i c  compression method of determining body volume. 

volume i s  an i n d i r e c t  measure of the animal 's  mass and may i n  some cases  be a 
more meaningful ind ica tor  of gain o r  loss than weight i t s e l f .  

The method cons i s t s  of p lac ing  the  animal i n  a closed,  known volume cham- 
ber and measuring the  compressible volume of the  atmosphere surrounding the  
incompressible monkey. This may be accomplished by i n j e c t i n g  a s m a l l  known 
volume of gas i n t o  the  container  and measuring the  small change i n  pressure 
produced both with the  without the  monkey ins ide  the  chamber. The magnitude of 
the  change i n  pressure i s  d i r e c t l y  proport ional  t o  the  unknown gas volume, with 
the  monkey's volume simply the  d i f f e rence  between t h a t  and the volume of the  
container .  

Of concern t o  the  design of a p r a c t i c a l  ad iaba t i c  compression measurement 
system i s :  

(1) The pressure change must be very small about 0.1 p s i  t o  avoid physiol-  
og ica l  problems. 

(2) The pressure change should be l a rge  .01 p s i  with r e spec t  t o  short- term 
pressure va r i a t ions  assoc ia ted  with animal r e s p i r a t i o n .  

(3)  The measurement must be made quickly t o  avoid thermal e f f e c t s .  
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( 4 )  The measurement should be s u f f i c i e n t l y  s t a t i c  t o  allow f u l l  compres- 
s ion  of the  s u b j e c t ' s  exhaled gases and thus ,  reduce r e s p i r a t i o n  e f f e c t s .  

A device has  been developed by Acoustica Associates ,  Inc . ,  of Los Angeles, 
Ca l i fo rn ia ,  which appears t o  be appl icable  t o  the  Orbi t ing  P r i m a t e  Spacecraf t  
Program. This device employs an  electromagnet ical ly  dr iven  bellows which pro- 
duces a c y c l i c  displacement a t  5 Hz. 
c a p i l l a r y  bleed p o r t ,  assures  s ta t ic  equi l ibr ium and common gas p rope r t i e s  of 

measured i n  the tank and i n  the re ference  volume. 

The use of a re ference  volume, with a 

P and T, Thus the  unknown volume i s  simply a func t ion  of  pressure change 
cp cv' 

Northrop performed tests using t h i s  device i n  an a t t e m p t  t o  measure the 
volume of two macaca speciosa monkeys. 
r e s u l t s  are given i n  Trade Study 3 . 2 . 9 . 7 .  ( r e f .  6 )  
i n  t h a t  the  volume reading o s c i l l a t e d  and d r i f t e d  over a 5 10% range, even 
though the device has a reported accuracy fo r  l i q u i d s  of 2 0.5%. 
c u l t y  i s  a t t r i b u t e d  t o  animal r e s p i r a t i o n ,  s ince  the  c y c l i c  rate i s  too fas t  
t o  e l imina te  body dynamics of the ches t  cav i ty ,  and the  p r e s s u r e  change w a s  too 
low t o  e l imina te  r e s p i r a t i o n  thermal e f f e c t s .  Northrop be l ieves  t h a t  a succes- 
s f u l  development could be ca r r i ed  out  t o  optimize t h i s  system fo r  the  primate 
program with a n  accuracy appraching f 2%. 

Defai ls  of the  test  set-up and 
A d i f f i c u l t y  w a s  encountered 

This d i f f i -  

Te l e m e  t r y  

The purpose o f  t he  Telemetry Subsystem i s  t o  receive command da ta  from 
t h e  ground, and t ransmi t  t o  t h e  ground primate environmental d a t a ,  primate 
physiological  d a t a ,  engineering da ta ,  and primate voice and t e l ev i s ion .  This  
s ec t ion  provides a func t iona l  desc r ip t ion  of t he  Telemetry Subsystem design 
including the  receiver, d i g i t a l  da t a  encoding and s torage ,  p r i m a t e  voice and 
video encoding da ta  and t e l e v i s i o n  t r ansmi t t e r s ,  and da ta  and t e l e v i s i o n  an- 
tennas.  Applicable performance da ta  w i l l  a l so  be descr ibed.  Addit ional  devel- 
opment e f f o r t  has a l s o  been i d e n t i f i e d  t o  insure  a v a i l a b i l i t y  of equipment 
wi th in  schedule cons t r a in t s .  

The Telemetry Subsystem coherent ly  d e t e c t s  the  up-link s i g n a l ,  t r acks  the  
up-l ink carr ier  and t ransmi ts  down-link te lemetry and voice as two subca r r i e r s  
on a carrier coherent ly  r e l a t e d  t o  t h e  up-l ink carrier.  The down-link f r e -  
quency is  r e l a t e d  t o  t h e  up-link frequency by a f ixed  r a t i o  of  240/221.  Tele- 
v i s i o n  da ta  i s  t ransmi t ted  by a separate t r ansmi t t e r  on a carrier frequency 
which is d i f f e r e n t  from t h e  data/voice carrier frequency. 

Voice and te lemetry da t a  are t ransmit ted as subca r r i e r s  of  1 .25  MHz and 
1.024 MHz respec t ive ly .  The carrier frequency is 2287.5 MHz. The t e l e v i s i o n  
carrier frequency is  2272.5 MHz. 
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The approach presented he re in  evolved from t h e  Tracking Network Optimiza- 
t i o n  Launch Phase Data Transmission and Data Handling Trade S tudies  ( r e f  6) .  

Telemetry requirements and cons t r a in t s .  - The bas ic  requirements of t h e  
Telemetry Subsystem are t o  r ece ive  command d a t a  from the  ground and t o  t ransmit  
te lemetry,  primate voice and t e l e v i s i o n  t o  the  ground, The Telemetry Subsystem 
is  required t o  r ece ive  t h e  up-l ink s i g n a l  and d e t e c t  and demodulate the  70-KHz 
up-link command subca r r i e r .  The demodulated binary s i g n a l  i s  sen t  t o  t h e  
command decoder f o r  f u r t h e r  processing. I n  addi t ion ,  t h e  te lemetry system i s  
requi red  t o  t r a c k  t h e  up-link carrier i n  order  t o  supply a re ference  f o r  t h e  
down-link carrier and ranging code. The ranging code is used by t h e  Mission 
Control Center, Houston, i n  t r a j e c t o r y  computations. 

It is  requi red  t o  t ransmi t  voice and te lemetry on one t r ansmi t t e r  and 
t e l e v i s i o n  on another t r ansmi t t e r  due t o  t h e  i n s u f f i c i e n t  s i g n a l  which would 
be received i f  only one t r ansmi t t e r  were used f o r  voice,  t e l ev i s ion ,  and da ta .  
The Telemetry Subsystem i s  requi red  t o  t ransmi t  approximately 200 channels of 
information. Due t o  t h e  accuracy requirements of t h e  d a t a  being t ransmi t ted ,  
a PCM system r a t h e r  than a PAM system i s  required.  An e igh t  b i t  word i s  used 
which g ives  a r e s o l u t i o n  of one p a r t  i n  255. 

The te lemetry system i s  required t o  be  compatible with t h e  MSFN. 

Telemetry subsystem func t iona l  desc r ip t ion  and performance. - Figure 67 i s  
There are two complete a s impl i f ied  block diagram of t h e  Te leme t ry  Subsystem. 

transponders,  two t e l e v i s i o n  t r ansmi t t e r s , -  and two voice /da ta  transmitters 
including the  necessary switching c i r c u i t r y .  For s impl i c i ty  of presenta t ion ,  
redundant t r ansmi t t e r s  are not  shown i n  t h e  block diagram. To minimize new 
development and t o  a s su re  compat ib i l i ty  wi th  t h e  MSFN, Apollo type equipment 
i s  se l ec t ed  wherever i t s  usage is  compatible wi th  t h e  primate spacecraf t  and 
mission. 
represents  Apollo design and mechanization. 

This  equipment i s  l i s t e d  i n  t h e  Preliminary Equipment L i s t  and 

The r ece ive r  rece ives  the  up-link s igna l  from t h e  ground s t a t i o n ,  The up- 
l i n k  carrier frequency is  t racked by a phase-locked loop  t o  supply a re ference  
f o r  t h e  down-link t ransmi t ted  s i g n a l ,  I n  addi t ion ,  t h e  up d a t a  (command) sub- 
carrier is demodulated by a t racking  loop, The ranging code is  der ived by 
mult iplexing,  f n  t h e  wide band de tec to r ,  t h e  r f  input with the  output of t h e  
VCO i n  t h e  carrier t racking  loop. However, t h e  output  of t h e  VCO i n  t h e  carrier 
t racking  loop is an  estimate of t he  phase of t h e  input s igna l ;  t h e r e f o r e  t h e  
wideband s i g n a l  conta ins  t h e  ranging code. 

The t ransmi t ted  s i g n a l  c o n s i s t s  of a carrier which has te lemetry d a t a  
and voice subca r r i e r s .  
carrier. 
a 1.024 MHz subca r r i e r .  
MHc carrier. 

The primate voice frequency modulates a 1.25 MHz sub- 
The te lemetry d a t a ,  which is  i n  d i g i t a l  form, bi-phase modulates 

These two subca r r i e r s  phase modulate the  2287.5 

The t e l e v i s i o n  s i g n a l  frequency modulates a 2272.5 MHz carrier, which 
i s  t ransmi t ted  independently of  t he  voice da t a  t r ansmi t t e r  and antennas. 
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Receiver: This s ec t ion  w i l l  show how the  ranging code and command s igna l s  
are ex t r ac t ed  from the  up-l ink s igna l .  

Stored a t  the  t r ansmi t t e r  on the  ground are two equal  energy, equal  dura- 
t i o n  binary waveforms xk(t) ,  k = l, 2, which represent  the  information t o  be 

s e n t  t o  the  spacecraf t .  

command (data) subcar r ie r .  

are normalized such t h a t  

x (t) i s  the ranging information. x 2 ( t )  i s  the  1 
It is assumed t h a t  the  s i g n a l s  x,(t) and x2(t)  

where T i s  a r b i t r a r y ,  and xk(t)  = +1 

The t ransmit ted s i g n a l  is a phase-modulated waveform 

(t)] 
-1 -1 

p ( t )  = ~ 2 p  s i n  Eo t + (cos m l )  x1 (t) + (cos 9) .x2 

whereoo  i s  the  t ransmit ted c a r r i e r  frequency, P i s  an a r b i t r a r y  amplitude 
f a c t o r ,  and where cos'' m1 and cos C o s - l  ml 
i s  the  ranging code weighting constant .  
f o r  t he  command channel. 

-1 m2 are weighting cons tan ts .  
Cos'' m2 i s  the  weighting constant  

Various f a c t o r s  introduce a r b i t r a r y  but unknown phase s h i f t s , 8 ,  between 

The received s igna l  on board the  spacecraf t  is the  
the  t ransmit ted and received s i g n a l s ,  in' add i t ion  t o  the  Doppler s h i f t  i n t r o -  
duced by veh ic l e  motion, 
sum of t h e  phase s h i f t e d  and frequency s h i f t e d  t ransmi t ted  s i g n a l  and noise  
which i s  assumend t o  be zero mean Gaussian noise  n ( t )  of  one sided s p e c t r a l  
dens i ty  number No watts/Hz. The down converted received s igna l  is given by: 

M(t) = m s i n  r-1 t + (cos-' ml) x1 ( t )  + (cos-' m2) x2 (t) + 6 1 
Using a t r igonometr ic  expansion, i t  can be shown t h a t  t h e  above express- 

ion can be resolved i n t o  a c a r r i e r  component, a ranging component, a command 
subca r r i e r  component, a cross-modulation l o s s  component and of  course a noise  
component. I n  order  t o  s impl i fy  the  ana lys i s ,  a f u r t h e r  s impl i f i ca t ion  w i l l  
be made: 

Let 

x (t) = x1 (t) + x2 ( t )  

then 

1 v (t) - G s i n k l t  + (cos -1 m) x (t) + 6 + n ( t )  
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The va lue  of the  weighting constant  f o r  the  ranging is  no longer co r rec t .  
This  does not matter s ince  the  purpose of t h i s  d i scuss ion  is t o  show how the  
range code and command subca r r i e r  are derived from the  input s igna l  by means 
of f igu r ing  d iscr imina t ion ,  
e t r i c  i d e n t i t y  i n t o  

The t e r m  v ( t )  can be expanded by a s i m p l e  trigonom- 

L 4 

+ cos (ult + e )  s i n  [(cos-' m) x ( t ) ]  + n ( t )  

-1 
let  + = cos m 

then s i n  $ = as can be seen from the  diagram below 

I 
s i n  (cos -1 m) x (t)] = sin.[ y x (t)] = x (t) s i n  + 

-1 
It can be seen t h a t  s i n  [(cos m) x ( t )  is an odd funct ion.  Since x ( t )  = +1: 

= x (t) 4 c - 7  
-1 Also cos [(cos m) x (t)] = m s ince  the  cos ine  funct ion i s  an even funct ion.  

Therefore by subs t i t u t ion :  

v ( t )  = L G Z s i n  (u l t  + 0) + 7 (2P (1 m x (t) cos (o l t  + + n ( t )  

The f i r s t  t e r m  i s  t h e  frequency s h i f t e d  c a r r i e r  component. The second term is 
t h e  modulation on the  c a r r i e r  which c o n s i s t s  of t h e  range code and the command 
subcar r ie r .  
t he  r f  input a f t e r  passing through the  rece iver  f r o n t  end and ampl i f ie r  i s  
mul t ip l ied  by the  VCO output i n  a phase de t ec to r .  

As can be seen from the  rece iver  por t ion  of t he  block diagram, 

The output of t he  VCO i s  
A 

z ( t )  = J z o s  (u l t  + e)  
A 

where 8 i s  the loop estimate of t he  phase of the  input s igna l .  

The wideband de tec to r  mul t ip l i e s  v ( t )  and Z( t ) .  Assume t h a t  the  double 
frequency components are f i l t e r e d  out and denote t h e  output of the  wideband 
de tec to r  by y ( t ) .  Then s ince  Z ( t )  i s  

A 
z ( t )  = fi cos  (u l t  + 0 1 ,  y ( t )  i s  

y ( t )  = 2 m s i n  (u l t  + e )  cos (u l t  + e)  A 

A 1 
+2 Jm x ( t )  cos (alt + 0) cos (a1 + 0) + n (t) 

176 VOL I11 



1 
where n (t) is  a Gaussian random Process confined t o  t h e  bandwidth of t h e  
wideband de tec to r ,  y ( t )  can be s impl i f ied  using t r igonometr ic  i d e n t i t i e s .  

7 1 
y ( t )  = m s i n  9 + P(1-m ) x ( t)  cos  6 + n 

where + = 6 - 0 

(t) 
A 

Now x ( t )  is  the  modulation which c o n s i s t s  of t he  normalized range code and 
t h e  command subca r r i e r .  
expressed as 

By subs i tu t ing  x ( t )  = x1 (t) + x2 (t) y ( t )  can  be  

1 
y ( t )  - Qsin 4, + 7 P(1-m ) x1 (t) cos  + + 7 P(1-m x2 (t) cos  + + n ( t)  

The output  of t h e  wideband d e t e c t o r  y ( t )  c o n s i s t s  of a d i s t o r t i o n  t e r m  due t o  
the  loop e r r o r ,  t h e  command d a t a  subca r r i e r ,  t h e  range code, and a Gaussian 
random process r e spec t ive ly  as shown. 

Note t h a t  t h e  d i s t o r t i o n  term is  centered about zero frequency whi le  t he  
da t a  subca r r i e r  term i s  centered about  t h e  d a t a  subca r r i e r  frequency of  70 KHz 
and occupies a bandwidth determined by t h e  maximum devia t ion  of t h e  da t a  
subca r r i e r .  
t r a l  dens i ty  of t h e  form s i n 2  x/x2 centered about zero frequency, see f i g u r e  68. 

The ranging code has a da ta  rate o f  1MHz and has a power spec- 

The da ta  subca r r i e r  i s  f i l t e r e d  out  by a bandpass f i l t e r  and is routed t o  
The ranging code w i l l  modulate t h e  down- the  command subca r r i e r  demodulator. 

l i n k  s igna l .  
w i l l  be compared wi th  t h e  phase o f  t h e  t ransmi t ted  ranging code. Since t h e  
ve loc i ty  of  propagation of electromagnetic r a d i a t i o n  is known, t h e  t i m e  d i f f e r -  
ence between t h e  received and t ransmi t ted  codes may be  t r a n s l a t e d  i n t o  range. 
The code used i s  a pseudorandom code t h e  length  of which ( i n  t i m e )  i s  g r e a t e r  
than t h e  maximum two way t ransmission t i m e  between t h e  ground s t a t i o n  and t h e  
spacecraf t .  

A t  the ground s t a t i o n  t h e  phase o f  t h e  received ranging code 

A s  a numerical example, t o  i l l u s t r a t e  t h a t  t he  ranging and command codes 
can be  ex t r ac t ed ,  suppose P (power) = 1 W f o r  convenience, M = .2 r ad ians  and 
Cp, t h e  loop e r r o r ,  has  an  mean squared value o f  .1 radian  ( t h i s  corresponds 
t o  a signal-to-noise r a t i o  i n  t h e  loop of 10 db). 

Then y ( t)  is  given by 

y ( t )  = K s i n  (.316 rad) + ,/% x1 ( t )  cos (.316 rad.) 

1 + .96 x2 (t) cos (.316 rad.)  + n (t) 

1 
* = (.2) (.311) + (.98) (.950) x1 (t) + (.98) (.950) x2 (t} + n (t) 

1 
y ( t )  = .0622 + .932 xl (t) + .932 x2 ( t )  + n ( t )  

t h e  

VOL 

The d i s t o r t i o n  t e r m  wi th  these  condi t ions is then 35.6 db below e i t h e r  of 
two des i red  s i g n a l s ,  t h e  ranging code and t h e  command s igna l .  
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The command da ta  subca r r i e r  i s  demodulated by a phase locked loop demodu- 

The da ta  dkmodulator loop is  preceded by a narrow band f i l t e r  
l a t o r .  The VCO i n  t h i s  loop is  coherent ly  r e l a t e d  t o  the  VCO i n  t h e  carrier 
t racking  loop. 
t o  separa te  out  t h e  subca r r i e r  and t o  rhinimize the  noise  power input  t o  t h e  
demodulator. 

The output of t h e  command da ta  demodulator VCO i s  an estimate o f  t h e  phase 
of the  input s igna l .  
t he  frequency modulation of  t h e  s i g n a l  s ince  t h e  VCO func t ions  as a n  in tegra-  
t o r  i n  t h e  loop. Since the  input  s i g n a l  i s  a phase modulated s i g n a l ,  t h e  
modulation can be recovered by passing t h e  input  t o  the VCO through an 
in t eg ra to r  p r i o r  t o  s i g n a l  condi t ioning.  

The input  con t ro l  s i g n a l  t o  t h i s  VCO is  an estimate of  

Figure 69 shows a func t iona l  block diagram of t h e  command d a t a  demodulator. 

The following is  a d e t a i l e d  a n a l y s i s  of t h e  ope on of t he  d a t a  subcar- 
s i n  (wt + el) rier demodulator. The input  s i g n a l  i s  taken t o  be The out- 

put of  t h e  VCO, which i s  an est imate  o f  the,input phase, i s  \/2 K Cos (at + gl). 
K is t h e  r m s  output vo l tage  of the  VCO and O1 i s  the  loop estimate of  the  in -  
put Phase 8,. 
two s igna l s  i n t o  the  phase de t ec to r  are i n  quadrature  with each o the r .  
t h i s  must be the  case w i l l  be seen when the  phase de t ec to r  opera t ion  is 
explained. 

A 

This  type of loop i s  known as a quadrature  loop because t h e  
That 

The phase de t ec to r  mul t ip l i e s  t h e  two s i g n a l s  as follows: 

J ~ A  s i n  (ut +  el)*&^ cos ( w t  + el) = 2 KA s i n  (2wt  +e1+ el) s i n  (e 1 - el)] -I 2 

Now the  m u l t i p l i e r  is such t h a t  it cannot respond t o  t h e  doubleAfrequency 
term. 
The VCO cannot be of t h e  form fl s i n  (at + el) because t h e  phase de t ec to r  
output would then be, .  

Therefore ,  the  output of the  phase de t ec to r  is  KA s i n  (8, - dl).  , 

.A 

I; 
1 

A 
& s i n  tot + e,) & s i n  (cut + = AK cos (e, - e,) 

- cos ( 2 w +  el + = AK COS (e - elly 

when t h e  double frequency terms are f i l t e r e d  out .  
mate of t he  input  phase by t h e  loop r e s u l t s  i n  a m a x i m u m  loop e r r o r  s igna l ,  thus  
forc ing  the  VCO t o  s h i f t  i ts operat ing poin t .  
s i t u a t i o n  and hence, t h e  VCO output must be o f  the  form 

I n  t h i s  case a good es t i -  

This  is c l e a r l y  an  impossible 

A '  & cos xot + el). 
By using Laplace transform nota t ion  the  following equations are obtained: 

Vd (s )  Kd [e, (s)  - (s)] 
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c 

?TA sin (a t  + 0 , )  6 

Figure 69. - Command data subcarrier demodulator 
where Vd ( t )  = phase de t ec to r  output vo l tage  

= phase de t ec to r  ga in  constant  Kd 

V2 ( t )  = input vo l tage  t o  VCO 

F (s) = loop f i l t e r  t r a n s f e r  funct ion 

= VCO ga in  constant  

By a lgebra ic  manipulation t h e  t r a n s f e r  funct ion of  t h e  phase e r r o r  with 
respect t o  the  input phase may be obtained. 

The zero a t  t h e  o r i g i n  has  ac ted  as a d i f f e r e n t i a t o r  r e s u l t i n g  i n  t h e  out -  
put of  t he  loop f i l t e r  being an est imate  of t he  de r iva t ive  of the  input phase. 

One can a r r i v e  a t  the  same conclusion by noting that the  VCO phase is an  
However, the  output frequency est imate  of t h e  phase of the  incoming s igna l .  

of the  VCO is proport ional  t o  V 2 ,  t he  input vo l tage  t o  t h e  VCO. That is, 
- 

el = j x l t  = j? 0 v2 ( t )  d t  

Therefore,  t h e  input  s igna l  V2 ( t )  is proport ional  t o  d 8  
d t  
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D i g i t a l  da t a  encoding , s torage ,  and modulation: A block diagrem showing 
da ta  handling f o r  da t a  received from the  spacecraf t  subsystems i s  given i n  
f igu re  70. 
ver ted  where necessary,  and except f o r  ECG a r e  buffer-s tored p r i o r  t o  t r ans -  
mission o r  recorded f o r  subsequent transmission. 
t o - d i g i t a l  converted,  PCM formated and d i r e c t l y  recorded. 

The da ta  poin ts  are sampled by commutators, ana log- to-d ig i ta l  con- 

The ECG samples are analog- 

I n  f i g u r e  70, analog, d i g i t a l ,  and event da t a  are designated by t h e  l e t t e r s  
A ,  D ,  and E respec t ive ly .  
words. Events a r e  a l s o  coded in to  a standard 8 -b i t  format. Low-rate engineer- 
ing da ta  i s  shown i n  the  upper p a r t  of t he  diagram and the  r e l a t i v e l y  h igh- ra te  
pr imate  da t a  is shown i n  the  lower p a r t  of  the diagram. 

A l l  analog s igna l s  are converted t o  8 - b i t  d i g i t a l  

These da t a  and t h e i r  rates are summarized i n  t a b l e  42. Tota l  da t a  b i t s  
obtained during a 24-hour day were ca lcu la ted  as follows: 

B =  T x  R x  P x  B 

where: B = Tota l  da ta  b i t s  

T = Duration of sample per iod,  i n  seconds 

R = Rate a t  which each channel i s  sampled during the  sample 

per iod,  i n  samples  pe r  second 

P = Tota l  number of sample  per iods p e r  day f o r  a l l  channels 

B = B i t s  required f o r  each sample 

= 8 b i t s  f o r  a l l  da ta  except Behavioral Panel ,  Waterer & Feeder 
( r e f e r  t o  t a b l e  42 f o r  d e t a i l s )  

The t o t a l  b i t s  summarized i n  t a b l e  42 must be dumped downlink each 
day. 
imately 16 hours s ince  the  maximum number of o r b i t s  not  passing over a given 
ground s t a t i o n  is  ten.  During a 16 hour period, approximately two-thirds of 
the  da t a  i n  t a b l e  42 w i l l  be acquired; therefore ,  the t o t a l  on-board recording 
c a p a b i l i t y  required i s  approximately 16 x lo6 b i t s .  

However, the  maximum spacecraf t  record-time c a p a b i l i t y  required i s  approx- 

The recording approach w i l l  be based on the  ECG da ta  because of the  r e l a -  
t i v e l y  high b i t  r a t e  and t o t a l  s torage  requirements. 
w i l l  be t o  s t a r t  the  recorder  every four  hours, dump buffer-s torage,  then sample 
and record each ECG channel. 
bu f fe r  s torage  is  unloaded i n t o  the  t ape  recorder ,  

The scheduled approach 

Otherwise, when buf fe r  s torage  i s  f i l l e d ,  the  

A four- t rack recorder  running a t  3.75 inches p e r  second ( i p s )  is  capable 
of recording 6.4 Kbps. 
A play-back-to-record r a t i o  of 8:l  provides the  standard Apollo dump rate of 
51.2 Kbps. 
2,500 seconds, o r  approximately 780 f e e t  of four- t rack f o r  the 3.75 i p s  tape 
speed . 

This is the  rate required t o  record an ECG channel. 

To record 16 x 106 b i t s  of information a t  6.4 Kbps requi res  
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The t i m e  requi red  t o  dump 24 x 1 0 6  b i t s  downlink a t  a 51.2 Kbps rate i s  
approximately 8 minutes. 
i s  30.1 minutes p e r  day, which i s  more than adequate t o  dump a l l  data.  

The minimum expected ove r - s t a t ion  transmission t i m e  

A s  shown i n  f igu re  71, da t a  w i l l  o r d i n a r i l y  be recorded i n  the following 
sequence every four hours: bu f fe r  s torage  da ta  followed by samples of EGG. 
The recorder w i l l  be s t a r t e d  a t  any t i m e  the buf fer -s torage  i s  f i l l e d  t o  
prevent  l o s s  of da t a  due t o  overflow. 

1 - 2 -  1 - 2 - 1 -  2 1 1 4 - 2 -  
B e h a v i o m I - - r l c A c t i v i t y t A s . o c c u r s ~ - ~ A I ~ t - E K G -  

mon i tor primate Engr- occurs 
data data engrg . 

1/4 Hr. data 
recording 

~~ - 

Figure 71. - Data recording format 

The tape recorder  w i l l  record 4 t r acks  a t  a da t a  rate of 1.6 Kbps per  t rack.  
This r equ i r e s  a tape speed of 3.75 inches per  second. 
51.2 Kbps which corresponds t o  a tape speed of 30 inches per  second. 
foo t  tape has a capac i ty  of 426 b i t s  per inch pe r  t r a c k  o r  5112 b i t s  per foo t  
p e r  t r ack  ( fo r  1.6 Kbps a t  3.75 cps). 
2200 
x 4 t racks) .  
c a p a b i l i t y  are requi red  for 10 o r b i t s .  

The playback r a t e  i s  
A 2200 

The t o t a l  capac i ty  f o r  four t r a c k s  of a 
foo t  tape i s  approximately 50 x 106 b i t s  (5112 b i t s  per foo t  x 2200 f e e t  

This is  s u f f i c i e n t  s ince  approximately 16 x 106 b i t s  of recorder  

Recording of t he  d a t a  onto tape i s  4- t rack  paral le l  a t  a 6.4 Kbps rate. 
The 4 most s i g n i f i c a n t  b i t s  of the 8 b i t s  a r e  read-on i n  p a r a l l e l  followed by 
p a r a l l e l  recording of t he  4 least s i g n i f i c a n t  b i t s .  
recording rate on each t r a c k  a t  3.75 i p s .  
( r a t i o  8:l) 
serial stream of 51.2 Kbps i n  prepara t ion  f o r  down-link transmission. 
down-link format is  compatible with the  Apollo f a c i l i t i e s ,  128 words (8 b i t  
words) p e r  frame a t  50 frames p e r  second. 
pora t ing  zeros  t o  supplement pa r t i a l  frames of da t a  when necessary. 

This g ives  a 1.6 Kbps 
During playback of 30 i .p.s.  

t he  da t a  is read-off i n  paral le l  a t  12.8 Kbps and regrouped t o  a 
The 

The frame length  is f ixed  by incor -  

Several  a r eas  must be considered i n  a r r i v i n g  a t  a r e a l i s t i c  record cycle. 
A minimum number of record cyc le s  would introduce an unreasonable s i z e  of 
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buf fe r  s torage  while a maximum number of record cyc les  w i l l  r equi re  a la rge  
number of start  and s top  recorder  operat ions during the  yeargrflission. 
example, a record cycle  every 5 minutes w i l l  r equi re  over 10 
year  . 

For 
s t a r t - s t o p s  p e r  

I n  addi t ion  t o  the  f a i l u r e  caused by starts and stops, tape wear is  
a l s o  a f a c t o r  t o  consider.  However, f o r  t he  Primate Spacecraf t  tape wear is 
not  expected t o  be a problem. Generally speaking, playback w i l l  occur once 
pe r  day o r  365 t i m e s  per  year ,  and the  maximum number would be every o r b i t  
over the  ground s t a t i o n  which would be near  6 per  day o r  approximately 2,000 
p e r  year.  
has  been experienced with 0.5 m i l  tape a t  passes g r e a t e r  than 2000 p e r  year.  
50,000 s t a r t - s t o p s  of  recorders  have been achieved by incorporat ing s o l i d -  
state switching. 
a bu f fe r  s torage  of  approximately 6000 b i t s  as shown below. 
s ize  would l i m i t  s t a r t - s t o p s  of the  recorder  t o  approximately 55 p e r  day. 

This f igu re  i s  not  unreasonable f o r  l m i l  tape, however, d i f f i c u l t y  

Using 20,000 as a f igu re  f o r  des i r ab le  s t a r t - s t o p s  d i c t a t e s  
A s torage  of t h i s  

The behavioral  panel, waterer,  and feeder  da t a  q u a n t i t i e s  i n  t a b l e  42 were 
based on: 
TIM, and V I G  toggles,  and the  need t o  record the  number of handle a c t i v a t i o n s  
and the  t i m e  of day a t  which the  combined reward lamp comes on, t o  the  nea res t  
0.01 sec with respec t  t o  the  time a t  which the  st imulus lamp comes on. 

A maximum handle a c t i v a t i o n  rate of 10 p e r  second f o r  the  ILK, 

Behavioral  panel, waterer,  and feeder  da t a  a re  given i n  more d e t a i l  i n  
t ab le  43. 
i n t e r v a l s ,  a buffer-s torage is required t o  minimize recorder  s t a r t - s t o p  cyc les  
and wear, and t o  make e f f i c i e n t  u t i l i z a t i o n  of recorder  t ape  capacity.  Since 
ECG is recorded when sampled, and hence, r equ i r e s  no buf fer  s torage,  the  
remaining 327 x lo3 b i t s  of da t a  i n  t a b l e  42 must be buffer-s tored every 24 
hour s . 

Since, un l ike  o the r  data ,  these events  occur a t  random times and 

The da ta  recorder  i s  run f o r  f i v e  minutes s ix  times p e r  day t o  record ECG 
and s ix  t i m e s  per  day t o  dump data.  
except when necessary t o  record ECG o r  dump da ta ,  the  minimum buffer-s torage 
required f o r  a l l  spacecraf t  da ta  would be 327 x 103 b i t s /day  + 12 opera t ions /  
day = 28 x 10 3 b i t s /ope ra t ion  where, "operation" means a recorder  s t a r t - s t o p  
cycle  which coincides  with bu f fe r  s torage  of the  data .  However, s ince  a s  many 
a s  20,000 p e r  year  (55 p e r  day) recorder  s t a r t - s t o p  operat ions can be r e l i a b l y  
achieved, an adequate t o t a l  bu f fe r  s torage s i z e  i s  : 

I f  the recorder  is  not  t o  be turned on 

3 327 x 10 

55 operations/day 
b i t s /day  = 6ooo bits 

Since non-interrupted recording of ECG da ta  is  des i rab le ,  and the  maximum 
number of handle ac tua t ions  i n  any five-minute per iod i s  300 ( p e r  pr imate) ,  
t he  maximum Behavioral Panel buffer-s torage required would be: 

2 p r i m a t e s  x 300 events lpr imate  x 6 b i t s / even t  = 3600 b i t s  
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Tota l  events  
per  day 

236 
236 
236 
8 

23,600 
236 
2 36 
8 

7 16 

300 

4 16 

7 16 

1,676 

28,620 

TABLE 43. - BEHAVIORAL PANEL, WATERER, AND FEEDER 
TYPICAL OPERATION SEQUENCE 

Tota l  b i t s  
per day 

1,888 
1 , 888 
1,888 

64 

188,800 
1,888 
1,888 

64 

4,296 

2,100 

2,912 

4,296 

40,324 

252,196 

Event 

(1) Handle lamp on 

a) ILK 
b) TIM 
c)  VIG 
d) EXC 

(2) Handle ac tua ted  * 
a) ILK 
b)TIM, o r  
c) VIG 
d) EXC 

(3) Reward Lamp on 

(4) Mouthpiece 
switch ac t iva t ed  

a) Food 

b) Water 

(5) Reward. Delivery 

(6) Miscellaneous 

TOTALS 

Action 

Record time of day 
(BCD) t o  nea res t  0.1 
second (24 b i t s )  

Record elapsed time 
between successive 
handle ac tua t ions  (6 
bits) and i d e n t i f y  
handle (2 b i t s )  

Record elapsed t i m e  
with respec t  t o  (1) 
above (6 b i t s )  

Record elapsed t i m e  
with respec t  t o  (1) 
above (6 b i t s )  and 
i d e n t i f y  switch 
(1 b i t )  

Record elapsed time 
with respec t  t o  (1) 
above ( 6 b i t s  ) 

Record t i m e  of day 
(BCD) t o  nea res t  0.1 
seconds ( 24 b i t s  ) 

* TIM.and VIG ac t iva t ed  118 times p e r  day each, ILK is ac t iva t ed  11,800 times 

perlday . 
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Hence, using the 6000 b i t  buf fer -s torage  w i l l  a ssure  unin te r rupted  recording 
of ECG d a t a  and w i l l  l i m i t  r ecorder  s t a r t - s t o p  opera t ions  t o  known c a p a b i l i t i e s .  

Proposed t i m e  formats f o r  t he  behaviora l  panel, waterer  and feeder  da t a  are 
given i n  f i g u r e s  72 and 73, 

I n  order  t o  be  compatible wi th  the  MSFN, t he  d a t a  bi-phase modulates a 
1.024 MHz s i n e  wave produced by a c r y s t a l  o s c i l l a t o r .  
are the  optimum binary  s i g n a l s  and a r e  termed an t ipodal .  That is, t h e  two 
states 0 and 1 f o r  t he  d i g i t a l  da t a  correspond t o  phase s h i f t s  of t h e  s i n e  
wave of 4- 90" and -90". These two s i g n a l s  a r e  represented by a vec to r  diagram 
below. 

The s i g n a l s  produced 

Where So r ep resen t s  a "0" and SI r ep resen t s  a "1". 

the o r i g i n  r ep resen t s  t he  boundary between the dec is ion  regions f o r  So and S1. 
Since a "0" is  mistaken f o r  a 1 and v ice  versa ,  i f  and only i f  t he  noise 
exceeds d/2 (which is the d i s t ance  from the t i p  of the s i g n a l  vec to r  t o  the 
boundary of t he  dec is ion  region) it i s  c l e a r  t h a t  an-angular  d i f f e rence  of 180° 
minimizes the  p robab i l i t y  of t h e  noise vec to r  exceeding the s i g n a l  vec tor .  
This therefore ,  shows t h e  opt imal i ty  of an t ipodal  binary s i g n a l s  a s  opposed 
t o  orthogonal s i g n a l s  f o r  example. 
vec to r s  a t  r i g h t  angles t o  each other.) 

The ho r i zon ta l  l i n e  through 

(Orthogonal s i g n a l s  are represented  by t w o  

The p robab i l i t y  of e r r o r  given S1 i s  the  p robab i l i t y  the noise  vec to r  n exceeds 

d/2. 
dens i ty  No/2) so  t h a t  

But n i s  ze ro  - mean Gaussian wi th  var iance  (or two s ided  noise  spectral  

2 
-- dx X 03 

nN0 

The o v e r a l l  p r o b a b i l i t y  of e r r o r  i s  

s ince  S and S a r e  equiprobable. When the  s i g n a l s  have minimum energy, t he  

length  of each vec tor  i s C s  where Es is the  s i g n a l  power, then d/2 =&-. 0 1 
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t ~ l 2 4  Bits 

Figure 72. - One tenth second time format 

k-6 Bits 

Figure 73. - Elapsed time format 

DefineY= X , / q  Then the p robab i l i t y  of e r r o r  i s  given by 

where e r f c  x = 1 - e r f  x and e r f x  is the e r r o r  func t ion  defined by 

e r f x  = - dY 
0 

Primate video and voice: The following s e c t i o n  summarizes the requirements 
which must be m e t  by the video recorder i n  order  t o  record Apollo q u a l i t y  TV 
during the t i m e  when the  spacec ra f t  i s  not over a ground s t a t i o n .  

Figure 74 shows a t i m e  l i n e  of TV recording f o r  one day. 
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. + 
Recording Time - 

1 min/primate/dayIight hrs 1 min/primate 1 min/primate 1/2 m idp r ima te  
(2 x 14= 28 min.) a t  Lts off a t  "midnight" per pass real 

e 38 minutes/24 hr day maximum - 

4 -.c- (2 min) -- (2 min) -6 time (6 min)- 
I J 

Figure 74. - Video time line recording for one day 

A recording t i m e  of 32 minutes maximum per  24 hour day (10 o r b i t s  not over 
s t a t i o n )  p lus  start  and s top  t i m e  f o r  365 days y i e l d s  a recording t i m e  of 
10,950 minutes (plus  start and s top  t i m e )  f o r  t he  complete mission. 

Recorder Playback (dump) i s  done a t  a 1:l playback t o  record r a t i o .  A min- 
imum of 30.1 minutes w i l l  be ava i l ab le  fo r  playback i n  a 24-hour per iod.  There- 
fo re ,  not  a l l  of the  recorded video w i l l  be replayed during some por t ions  of 
the year .  During o ther  por t ions  of the  year s u f f i c i e n t  t i m e  w i l l  be ava i l ab le  
for  complete playback. The over s t a t i o n  t i m e  fo r  a 24-hour period v a r i e s  from 
44.6 minutes maximum t o  40.1 minutes minimum. Allowing one minute acqu i s i t i on  
t i m e  p e r  pass  p lus  one minute real  t i m e  per pass allows only 30.1 minutes f o r  
playback on a "5 pass" day and 32.6 minutes f o r  a "6 p a s s "  day. 
t i m e  l i n e  i s  shown i n  f igu re  75. 

The t e l e v i s i o n  

The video tape recorder  i s  required t o  have a peak-to-peak s igna l  t o  r m s  
noise  r a t i o  of 25 db minimum i n  conformance with the  output  of the  t e l e v i s i o n  
camera. 

Recorder bandwidth w i l l  be s u i t a b l e  fo r  recording a camera output  having 
the  following c h a r a c t e r i s t i c s :  5 3 db from 40 Hz t o  400 KHz and +3 t o  -12 db 
from 400 KHz t o  500 KHz. Rol l  o f f  above 500 KHz w i l l  not  be less than 20 db 
p e r  octave.  

A voice t r ack  w i l l  be included i n  the video tape  recorder .  The response 
of t h i s  recorder  w i l l  be (as a minimum) from 50 Hz t o  12 KHz. Primate voice 
w i l l  be recorded only a t  the same t i m e  as p r i m a t e  video. 

The primate voice must frequency modulate a subca r r i e r  of 1.25 MHz. I n  order  
t o  remove spurious FM, due t o  o s c i l l a t o r  i n s t a b i l i t i e s ,  t he  1.25 MHz frequency 
i s  obtained from the  master o s c i l l a t o r  i n  the  programmer. This i s  poss ib le  
s ince  1.25 MHz is  an i n t e g r a l  mul t ip le  of t he  d a t a  ra te  51.2Kbps. 
ence from the  programmer con t ro l s  the  frequency of  a VCO i n  a phase locked 
loop. 

The r e f e r -  

The modulation i s  introduced by varying the  con t ro l  vol tage t o  the  VCO. 

Transmit ters :  I n  t h i s  s ec t ion  the  l i n k  ana lys i s  fo r  the  t e l e v i s i o n  l i n k  
(FM) f o r  the Primate Spacecraf t  i s  discussed.  Two l i n k  analyses  have been 
performed. 
bandwidth which i s  s e l e c t a b l e ,  i . e . ,  4 MHz o r  11 MHz. The loop equiva len t  
no ise  bandwidth, Pn i s  r e l a t e d  t o  the  loop n a t u r a l  frequency on by the  follow- 
ing  expression: 

Since the  demodulator a t  the  MSFN s t a t i o n  has a loop equivalent  
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(1 + 4C2) 
- - *n Tc 

Re ce iver  
equivalent  
no i s  e band width 

4 MI2 

11 MHz 

where 5 i s  the  damping f ac to r .  For optimum loop performance, < =  .707. Then 
w, i s  the  3 db poin t  of  the  closed loop frequency response.  Thus, On is the 
information bandwidth of the  loop. When = .707, the  expression reduces to  

Pn = 6.73 o n  

Receiver 
information Carrier 
bandwidth dev ia t ion  

600 KHz 200 KHz 

1.65 MHz 1.25 MHz 

The 3 db of the  output  of the  t e l e v i s i o n  camera i s  400 KHz. Thus, the 
information bandwidth of  the  t e l e v i s i o n  s i g n a l  i s  400 KHz. Since the  rece iver  
bandwidth i s  f ixed ,  e i t h e r  4 MHz o r  11 MHz equivalent  no ise  bandwidth, t he  max- 
imum c a r r i e r  devia t ion  i s  determined DY naving t h e  sum of the  information band- 
width of the  t ransmit ted s igna l  and the c a r r i e r  devia t ion  equal  t o  the  rece iver  
information bandwidth. The devia t ions  and rece iver  information bandwidths are 
summarized i n  the  t a b l e  below: 

Since the c a r r i e r  devia t ion  for  both cases  has been determined, i t  i s  nec- 
essary  t o  determine the  modulation index. I n  order  t o  ca l cu la t e  the  modulation 
index, it i s  necessary t o  determine the  average modulating frequency. As a 
f i r s t  approximation, it i s  assumed t h a t  the highest  frequency out  of the  t e l e -  
v i s i o n  camera i s  400 KHz and t h a t  t h i s  corresponds t o  a p i c t u r e  such t h a t  a l -  
t e rna t ing  p i c tu re  elements are black and white. 
of f i v e  shades of gray. I f  it i s  assumed t h a t  an average p i c t u r e  cons i s t s  of 
smooth t r a n s i t i o n s  of black through f i v e  shades of  gray t o  white such t h a t  
the  average frequency ou t  of the  t e l ev i s ion  camera i s  400 KHz f 5 = 80 KHz, 
then the  average modulation index is: 

The camera output  has a minimum 

- =  2oo 2.5 
80 

f o r  the 4 MHz loop equivalent  no ise  bandwidth case and f o r  t he  11 MHz loop 
equivalent  no ise  bandwidth case.  

- 1250 = 15.6 
80 

It is  poss ib le  t o  decrease the  mean square modulating frequency, and hence 
increase the  modulation index, by adding a pre-emphasis network on the  space- 
c r a f t  which emphasizes the  lower frequencies.  This i s  compensated on the  
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ground by incorporat ing a de-emphasis network i n  the  ground demodulator. 
na t ion  of the f i r s t  l i n k  ana lys i s  shows an output  SNR a t  5' above the  horizon 
of 22.1 db and a margin of 5.1 db. The second l i n k  ana lys i s ,  for  the wide band 
case,  has an output  SNR of 39.8 db but  only a margin of 1.1 db. The s i g n i f i -  
cance of the  low margin i s  t h a t  the d i f f e rence  between the  input SNR i n t o  the  
loop and the  SNR required fo r  a 99.8%, 30-, p robab i l i t y  of s tay ing  i n  lock i s  
equal  t o  the  margin. For the  wide band case ,  while the  loop i s  i n  lock, the  
output  SNR i s  39.8 db, However, a small decrease i n  input  s igna l  could cause 
the  loop t o  lo se  lock r e s u l t i n g  i n  a l o s s  of da t a .  Therefore, the  bes t  choice 
is t o  use the narrow band s igna l  a t  least f o r  i n i t i a l  acquis i t ion .  It w u l d  
be poss ib le  t o  s h i f t  t o  the  wide band mode when the  spacecraf t  w a s  c lo se r .  

Exami- 

:The FM improvement f ac to r  i s  normally given as 3 p  2.  However, t h i s  expres- 
s ion  i s  not s t r i c t l y  c o r r e c t  fo r  la rge  values  of p .  Therefore, i n  order  t o  be 
s a f e  i n  c a l c u l a t i n g  the  FM improvement f a c t o r  for  the  wideband case,  a value 
of  10 for  p w a s  used instead of the a c t u a l  modulation index 15.6. 

The l i n k  a n a l y s i s  assumed the  following pe r t inen t  parameters: 

(1) 20 W t r ansmi t t e r  

(2) 1300 m i l e  maximum s l a n t  range 

(3) An antenna having a beam-width of 90" and a maximum gain  of 9 db 

(4) A cooled parametric ampl i f ie r  with the  antenna poin t ing  a t  the  hor i -  
zon, worst case ,  y i e ld ing  a system noise  temperature of 220°K 

Resul ts  of l i n k  analyses  f o r  wide and narrow band t e l e v i s i o n  are given 
i n  t a b l e s  45 and 4 6 .  

The voice i s  frequency modulated onto a subca r r i e r  of  1.25 MHz while the 
telemetry d a t a  i s  bi-phase modulated ohto a 1.024 MHz subcar r ie r .  The two sub- I 
c a r r i e r s ,  corresponding t o  primate voice and d a t a  then are sumed i n  an opera- 
t i o n a l  ampl i f ie r  and are used t o  phase modulate the  t ransmit ted s igna l .  The 
input  t o  the  t ransmi t te r  i s  the  carrier t racking  s i g n a l  generated by the  receiv- 
er which has been mul t ip l ied ,  up converted and phase modulated by the  voice and 
d a t a  subca r r i e r s  t o  produce the  output  s igna l .  

The ana lys i s  assumes the  following pe r t inen t  parameters: 

(1) Five w a t t  t r ansmi t t e r  

(2) Maximum s l a n t  range of  1300 m i l e s  

(3) An omnidirect ional  antenna having a maximum gain of +4.5 db and pa t -  
t e r n  n u l l s  having a gain of  -10 db 

( 4 )  Cooled parametric ampl i f ie r  with t h e  antenna poin t ing  a t  the  horizon 
(worst case) y ie ld ing  a system noise  temperature of  220°K. 
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TABLE 45. - TELECOMMUNICATION DESIGN CONTROL 
FM, NARROW BAND TELEVISION 

Parameter 

ro ta1  t r ansmi t t e r  power 

Transmitt ing c i r c u i t  l o s s  

Ikansmit t ing antenna gain 

r ransmi t t ing  antenna poin t ing  l o s s  

Space l o s s  

(3 2272.5 MC, R = 1300 m i l e s  

Po lar iza t ion  10s s 

Xeceiving antenna gain 

Xeceiving antenna poin t ing  l o s s  

Zeceiving c i r c u i t  l o s s  

Yet c i r c u i t  l o s s  

ro ta1  received power 

Xeceiver noise  s p e c t r a l  dens-:y (1 

I: system = 220'K 

Carrier APC noise  BW (2Bj-O= 4MHz) 

FM improvement f a c t o r  3p2 P ~ 2 . 5  

Yoise power 

Performance 

rhreshold SNR i n  2BL0 

t'hreshold carrier power 

Performance margin 

3utput SNR 

VOL 111 

Value 

43 dbm 

- 2 db 

9 db 

- 3 db 

-167.3 db 

- 3 db 

+ 43.9 db 

---- 
.2 db 

-175.3 db 

-99.6 dbm 

-175.2 dbm 

66 db 

12.7 db 

109.2 dbm 

4.5 DB 

-104.7 dbm 

+5.1 db 

22.1 db 

Tolerance 

+ 1.0 - 1.0 

4- .4 - .4 

+ 1.0 - 1.0 

+3.0 - 0.0 
+ .5 - .5  

+.l - +.l 

+5.0 - 3.0 

+ 6.0 - 4.0 

+ 0.0 - 1.5  

+o.o - 1.5 

+ 1.0 -1.0 

-1.5 

+7.0 - 8.5 

+7.0 - 8.5  
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TABLE 46. - TELECOMMUNICATION DESIGN CONTROL. 

FM, WIDE BAND TELEVISION 

Parameter 

Total  t r ansmi t t e r  power 

Transmitt ing c i r c u i t  l o s s  

Transmitt ing antenna gair, 

Transmitt ing antenna poin t ing  l o s s  

Space l o s s  

(3 2272.5 MC, R = 1300 m i l e s  

Po la r i za t ion  l o s s  

Receiving antenna gain 

Receiving antenna poin t ing  loss 

Receiving c i r c u i t  l o s s  

N e t  c i r c u i t  l o s s  

Tota l  received power 

Receiver no ise  s p e c t r a l  dens i ty  (N/B) 

T s y s t e m =  220°K 

Carrier APC noise  BW ( ~ B L o =  11 MHz) 

FM improvement f ac to r  3 p p=15.6 

Noise power 

Performance 

Threshold SNR i n  2 B ~ o  

Threshold c a r r i e r  power 

Performance margin 

output  SNR 

Value Tolerance 

+1.0 - 1.0 43 dbm 

- 2 db + .4 - .4 

9 db 

- 3 db 

+1.0 - 1.0 -167.3 db 

-3  db 

+ 43.9 db 

. 2  db 

-175.6 db 

-99.6 dbm 

-175.2 dbm 

70 db 

34 db 

-105.2 dbm 

4 .5  db 

-100.7 dbm 

+1.1 db 

39.8 db 

+3.0 - 0.0 

+ .5 - .5 

+ .1 - '.1 

+5.0 - 3.0 

+6.0 - 4.0 

+ 0.0 - 1.5 

- 1.5 

+ 1.0 - 1.0 
- 1.5 

+7.0  - 8.5  

+7.0 - 8.5 
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(5) A new plug-in voice ampl i f ie r  i s  provided fo r  primate voice t o  rep lace  
the  present  voice ampl i f ie r  demodulator which has a frequency response of  50 
Hz t o  3.4 KHz. A conventional r a t i o  de t ec to r  type of d i scr imina tor  and a phase 
locked loop demodulator are analyzed. The information bandwidth of the  s igna l ,  
and hence o f  the  demodulator, i s  r e l a t e d  t o  the  required loop equivalent  noise  
bandwidth f o r  the  phase locked loop demodulator, 
bandwidthpn is  r e l a t e d  t o  the  loop na tu ra l  frequency by the expression 

The loop equivalent  noise  

Parameter 

T o t a l  t ransmi t te r  power 

Transmitt ing c i r c u i t  l o s s  

Transmitt ing antenna gain 

Space l o s s  

Q2287.5 MC, R=1300 m i l e s  

Po la r i za t ion  10s s 

(1 + 4c2> 
pn = TTWn 

2 

Value 

+ 37 dbm 

-2 db 

-10 db 

-167.3 db 

-3 db 

where < i s  the damping f ac to r .  For optimum performance 5 = ,707. Then cy, is  
the n a t u r a l  frequency of the  loop which i s  the  3 db po in t  o f  the  closed loop 
frequency response (when 5 = ,707) Thus On is  the  information bandwidth of 
the loop 

when f = ,707, the expression reduces t o  

If = 20 KHz, then Pn 133 KHz. P r i m a t e  voice i s  assumed t o  have a band- 
27: width of 20 KHz. 

cut-off  f i l t e r  such t h a t  the  noise  bandwidth can be r e s t r i c t e d  t o  60 KHz o r  
less. 

A conventional d i scr imina tor  may be preceded by a very sharp 

The modulation ind ices  derived are as follows. The primate voice,  which 
i s  assumed to  have a bandwidth of  20,000 Hz, frequency modulates the  1.25 MHz 
subcar r ie r .  The dev ia t ion  i s  set a t  40 KHz which r e s u l t s  i n  a modulation 
index of 2 a t  20 KHz, The d a t a  bi-phase modulates the da t a  subca r r i e r .  

A Psubcarrier/Ptotal r a t i o  of -9 db r equ i r e s  a peak modulation index of 
This app l i e s  t o  both the  voice and d a t a  subca r r i e r s ,  0.9 radian.  

of l i n k  ana lys i s  f o r  t he  da t a  channel are given i n  t a b l e  47. 
Resul ts  

TABLE 47. - TELECOMMUNICATION DESIGN CONTROL 
PM, CARRIER TRACKING AND VOICE DATA 

1 Tolerance 

+10 -1.0 

+.4 -.4 

+14.5 -0.0 

VOL I11 195 



TABLE 47. - continued 

Parameter 

Receiving antenna gain 

Receiving antenna poin t ing  l o s s  

Receiving c ir c u i  t 10s s 

N e t  c i r c u i t  l o s s  

Tota l  received power 

Receiver no ise  s p e c t r a l  dens i ty  (N/B) 

T system = 220°R 

Carrier modulation l o s s  

Received carrier power 

Carrier APC noise  BW (~BLo  = 700 Hz) 

(Se lec tab le  700, 200, 50 Hz) 

CARRIER PERFORMANCE - TRACKING 

Threshold SNR i n  ~ B L O  

Threshold carrier power 

Performance margin 

DATA CHANNEL 

Modulation loss  

Received d a t a  subca r r i e r  power 

B i t  rate ( l /T )  51.2K bps 

Required ST/N/B 

Threshold subca r r i e r  power 

Performance margin 
(modulation index =: .9 rad peak) 

VOICE CHANNEL 
(conventional d i s e r  iminator ) 

Value 

+43.9 db 

-.2 db 

-182.5 db 

-101.6 dbm 

-175.2 dbm 

-6 db 

-107.6 dbm 

28.5 db 

4.5 db 

-142.2 dbm 

+34.6 db 

-9 db 

-110.4 dbm 

47.1 db 

6 db 

-122.1  dbm 

+11.7 db 

Tolerance 

+ .5  -.5 

+.l -.1. 

+20.5 -3.0 

+21.3 -4.0 

+o.o -1.5 

+1.0 -1.0 

+22.3 -5.0 

+1.0 -1.0 

-1.5 

+36.7 -7.5 

+1.0 -1.0 

+21.3 -3.0 

--- 
+ l . O  -1.0 

+1.0 -1.0 

+24.3 -6.0 

196 VOL I11 



TABLE 47. - concluded 

I Par a m  ter 

Modulation l o s s  

Receiver voice subcar r ie r  power 

Voice noise  bandwidth = 60 KHz 

Threshold SNR i n  2 BLO 

Threshold subcar r ie r  power 

Performance mar gin 
(modulation index = .9 rad peak) 

VOICE CHANNEL 
(phase locked loop) 

Modulation l o s s  

Received vo i ce  subcarr ier power 

Loop noise  bandwidth (2Bm = 133.3 KHz) 

Threshold SNR i n  2Bm 

Threshold subca r r i e r  power 

Performance mar gin 

Value 

-9 db 

-110.4 dbm 

47.8 db 

10 db 

-115.4 dbm 

+6,8 

-9 db 

-110.6 dbm 

51.3 db 

6.0 db 

-117.9 dbm 

7.3 db 

Tolerance 

+1.0 -1.0 

+21.3 -3.0 

4-1.0 -1.0 

+1.0 -1.0 

+24.3 -6.0 

+1.0 -1.0 

+21.3 -3.0 

4-1.0 -1.0 

+1.0 -1.0 

+24.3 -6.0 

Antennas: The purpose of t h i s  sec t ion  is t o  descr ibe  the gains and con- 
f igu ra t ions  required fo r  the  t e l ev i s ion  and d a t a  antenna systems. 
gains required are determined by the  results of  the l i n k  ana lys i s  performed 
fo r  the data/voice and t e l e v i s i o n  channels,  The l i n k  ana lys i s  fo r  the  d a t a  
and voice l i n k  shows t h a t  an omnidirectional antenna with p a t t e r n  n u l l s  having 
gains of -10 db is adequate f o r  t h a t  l ink .  The l i n k  ana lys i s  f o r  the  t e l e v i -  
s ion  l i n k  showed t h a t  a minimum gain of 6 db, including a 3 db poin t ing  l o s s ,  
is  required fo r  a SNR of 22.1 db. 
be achieved by the use of a d i r e c t i o n a l  antenna having an on-axis gain of  9 db 
and beamwidfh of  90'. 

The antenna 

This gain,  neglec t ing  antenna lo s ses ,  may 

The o r i e n t a t i o n  of the  perpendicular t o  a f ixed poin t  on the  spacecraf t  
with r e spec t  t o  the  ground s t a t i o n  i s  random i n  the  sense t h a t  any angular 
r e l a t ionsh ip  is  poss ib le ,  This i s  because the  spacecraf t  is  sun-oriented and 
has a period of revolu t ion  about the e a r t h  of 90 minutes while t h e  period 
of the  e a r t h ' s  r o t a t i o n  i s ,  of course,  24 hours. A consequence of t h i s  is  t h a t  
omnidirectional coverage must be achieved with both the  d a t a  and t e l e v i s i o n  
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l i n k s ,  A r e l a t i v e l y  s i m p l e  mechanization is  poss ib le  for  the d a t a  l i n k  s ince  
the l i n k  ana lys i s  has shown t h a t  omnidirectional antennas w i l l  provide an ade- 
quate SNR. This i s  not  the  case with the t e l ev i s ion  antennas s ince  the  l i n k  
ana lys i s  showed t h a t  a d i r e c t i v e  antenna is  required.  

The d iscuss ion  t o  follow w i l l  be separated i n t o  two p a r t s .  The f i r s t  p a r t  
w i l l  d i scuss  antenna conf igura t ions  as d ic t a t ed  by l i n k  ana lys i s  considerat ions.  
The second p a r t  of the  d iscuss ion  w i l l  be  concerned wi th  the  s u i t a b i l i t y  of 
var ious types of antennas f o r  t he  da t a  l i n k s  consider ing veh ic l e  geometry and 
t r a j ec to ry .  

A s  was  s t a t ed  before,  omnidirectional antennas may be used f o r  the  d a t a l  
voice l i nk .  Figures 76A and 76B show the two a l t e r n a t e  approaches fo r  achiev- 
ing omnidirectional coverage with the  corresponding antenna pa t te rns .  
both cases,  the antennas m u l d  have t o  be deployed due t o  the  mounting config- 
ura t ion  i n  the  launch vehicle .  Figure 76A shows the  antennas located on a 
l i n e  co l inear  with the spacec ra f t ,  
e f f e c t  of poss ib le  cance l l a t ions  r e s u l t i n g  from r e f l e c t i o n s  from the  solar 
panels ,  
s ince  it provides g rea t e r  omnidi rec t iv i ty  and a more uniform pa t t e rn .  

I n  

The dot ted  l i n e  i n  f igu re  76A shows the  

It is  clear t h a t  the  b e t t e r  approach i s  the  approach of f igu re  76B 

Since there  are two antennas,  command d a t a  from the ground w i l l ,  i n  general, 
be received on both antennas.  The antenna dec is ion  c i r c u i t r y ,  f i gu re  77 ,  w i l l  
determine a t  which antenna and r ece ive r  f r o n t  end the  s t ronger  s i g n a l  i s  being 
received. An i n h i b i t  s i g n a l  i s  developed which i n h i b i t s  the  rece iver  which 
has the  weaker output.  Threshold c i r c u i t r y  i s  included so t h a t  ne i the r  channel 
w i l l  be inh ib i ted  i n  the absence of a s i g n a l ,  This i s  done t o  enable i n i t i a l  
acqu i s i t i on  of the  up-link s i g n a l ,  

The antenna se lec ted  f o r  r ece iv ing  the  command d a t a  i s  used fo r  t r ans -  
mi t t i ng  downlink d a t a ,  

The types of antennas which can be used w i l l  now be discussed. The d a t a l  
voice antenna mus t  be omnidirect ional  antennas giving hemispherical  coverage. 
Two t y p e s  of antennas which are s u i t a b l e  f o r  t h i s  app l i ca t ion  are t u r n s t i l e  
antennas and d i e l e c t r i c a l l y  loaded open-ended waveguides. The t u r n s t i l e  an- 
tenna cons i s t s  of two one-half wavelength d ipo le s  mounted a t  r i g h t  angles  t o  
each o ther  on top of a m a s t  of s u i t a b l e  he ight ,  A c i r c u l a r  ground plane i s  
mounted below the  crossed d ipo le s  t o  apread out  the  p a t t e r n ,  The lengths  of 
the c ross  members are trimmed during f a b r i c a t i o n  t o  e l imina te  e l l i p t i c i t y  i n  
the  p a t t e r n  and t o  e s t a b l i s h  c i r c u l a r  po la r i za t ion .  

The d i e l e c t r i c a l l y  loaded open ended waveguide c o n s i s t s  of a c i r c u l a r  
waveguide i n  which a c i r c u l a r  mode propagation has been es tab l i shed .  
open end of t h i s  waveguide is  located a d i e l e c t r i c  l ens ,  the funct ion of  which 
is to spread out  the  beam pa t t e rn .  

A t  the  

E i the r  of these two antennas would have t o  be deployed s ince  i t  is required 
that the  antennas be located s u f f i c i e n t l y  f a r  from the  body of the  spacecraf t  
t o  achieve a hemispherical  card io id  pa t t e rn .  The t u r n s t i l e  type antenna is a 
simpler and less expensive antenna t o  make and therefore ,  r ep resen t s  a b e t t e r  
choice fo r  the  d a t a h o i c e  antennas. . 
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Figure 76. - Omnidirectional antenna patterns 
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The antenna configurat ion required f o r  t he  t e l e v i s i o n  transmission w i l l  be 
discussed i n  t h i s  s ec t ion ,  The l i n k  ana lys i s  has shown t h a t  a minimum antenna 
gain of 6 db (with a t r ansmi t t e r  power of  2.0W) is needed for  t e l e v i s i o n  t r ans -  
mission, Clear ly ,  t h i s  cannot be done with omnidirect ional  antennas. Further-  
more, s ince  the  f u l l  t r ansmi t t e r  power is  requi red ,  some means must be provi-  
ded f o r  s e l e c t i n g  one out  of s eve ra l  antennas. 

An antenna which has a peak gain of  9db w i l l  have a beamwidth of  90" and a 
minimum gain of 6db within i t s  beam. 
w i l l  r equ i r e  s i x  antennas mounted on mutually perpendicular axes on the  space- 
c r a f t .  As shown i n  f i g u r e  78 four antennas w i l l  be mounted on the  s i d e  o f  the  
spacecraf t  while two o the r s  are required f o r  the  top and bottom of the  space- 
c r a f t .  The antennas w i l l  be f l u s h  mounted on the  spacecraf t .  

To achieve coverage i n  every d i r e c t i o n  

/ 
/ 

/ 
/ 

/ 
/ 

90" 

The operat ion of  the antenna dec is ion  c i r c u i t r y ,  f igure  79, w i l l  now be 
explained. 
sequent ia l ly  sampled, converted t o  d i g i t a l  form, and read in to  s h i f t  r e g i s t e r s ,  
The output  of the r e g i s t e r  fo r  the  f i r s t  channel w i l l  be read in to  another 
r e g i s t e r  ca l l ed  the  d a t a  r e g i s t e r ;  succeeding r e g i s t e r  inputs  w i l l  be read in to  
the d a t a  r e g i s t e r  only i f  the output of t h a t  r e g i s t e r  i s  grea te r  than the  value 
s tored  i n  the  da t a  r e g i s t e r .  
t rack  of which channel had the  l a r g e s t  s igna l .  A t  the  end of the i n t e r v a l  dur- 
ing which a l l  s ix  r e g i s t e r s  are sampled, the  appropriate  antenna is used for  

The s igna l s  received on each of the  s i x  antennas w i l l  be de tec ted ,  

The counters and associated log ic  c i r c u i t r y  keep 
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t r ansmi t t i ng  and the  remaining f i v e  antennas are shu t  o f f ,  
v a l  is  r e p e t i t i v e .  
poss ib le  through any antenna i n  the  absence of  an input  signal. 

The sampling i n t e r -  
The threshold c i r c u i t r y  i s  included so t h a t  recept ion  is  

The s implest  type of antenna f o r  the  t e l e v i s i o n  channel i s  a simple open- 
ended c i r c u l a r  waveguide. With the  proper choice o f  waveguide diameter t o  wave- 
length  r a t i o ,  the  beam can be made t o  have a 90' beamwidth. 
such a r a d i a t i o n  pa t t e rn .  Such an antenna may be f lu sh ,  o r  nea r ly  flush,mounted 
on the spacecraf t .  
which is  required t o  set up the  wave i n  the  proper propagation mode i n  the  wave- 
guide. 
s ide ra t ions  preclude the  use of t h i s  long of an antenna. 

Figure 80 shows 

The minimum length  o f  waveguide required is  t h a t  length  

A waveguide 15 inches long would be adequate, however, s t r u c t u r a l  con- 

Another type of antenna which could be used i s  the  cav i ty  backed archimedes 
s p i r a l .  

c i e n c y - i s  only 50%. 
moderate VSWR i s  required.  

The advantage of t h i s  type of  antenna is 
' s ion  is  shor t e r  than the  open-ended c i r c u l a r  waveguide, Unfortunately,  e f f i -  

t h a t  the  f r o n t  t o  rear dimen- 

This antenna is normally used where broad bandwidth and 

Since broad bandwidth is  not  required fo r  the  Primate Spacecraf t  communica- 
t i ons  l i n k ,  the  b e s t  antenna would be a T-bar fed s l o t  antenna, o r  similar type. 
A T-bar s l o t  antenna f o r  t h i s  app l i ca t ion  could be enclosed i n  a volume 2' x 3" 
x 2" and mounted f l u s h  with the spacecraf t  e x t e r i o r .  

a, 
L 

a, > 
- 
a, 
ni 

Figure 80. - Typical radiation pattern open ended circularlwave guide (free space) 

30° 60" 90" 
Angle measured from waveguide axis 
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Advance development areas: Following a survey of cur ren t  supp l i e r s  of space 
qua l i f i ed  magnetic tape  recorders ,  a t r u e  video tape  recorder  employing r o t a r y  
magnetic heads, w a s  discovered t h a t  has  been p a r t i a l l y  space qua l i f i ed  f o r  
Marshall Spacef l igh t  Center, Huntsv i l le ,  Alabama. This recorder  was developed 
by RCA, Defense Elec t ronics  Products, o r  NASA, MSFC under Contract NAS 9-4629.  

It is  therefore  proposed t o  u t i l i z e  "Model SH-L-1" of the  RCA Video Space 
recorder  f o r  the  Primate mission, providing t h a t  the  recorder  i s  capable of 
completing the  space q u a l i f i c a t i o n  t e s t i n g  now under way a t  MSC, Houston. 

An o u t l i n e  of the  spec i f i ca t ions  of the  RCA video recorder ,  Model SH-L-1, 
i s  l i s t e d  i n  t a b l e  48. 

TABLE 48. - RCA VIDEO RECORDER SPECIFICATIONS 

Dimens ions 

Volume 

Weight 

Bandwidth 

Tape width 

Tape speed 

Rewind t i m e  

Head-to-tape speed 

Singal-to-noise r a t i o  

S t a r t  t i m e  

Auxil iary t r acks  

Time s t a b i l i t y  

Input loutput  s igna l  

Line vol tage 

Power d i s s i p a t i o n  

Available recording t i m e  

Recording p r i n c i p l e  

D i f f e r e n t i a l  gain 

10 x 14 x 6 . 1  inches 

850 cubic  inches 

30 pounds 

dc t o  500 KHz 

1.0 inch 

1.25 i n ,  Isec.  

8 minutes 

140 i n ,  /sec. 

3% db PP t o  RMS 

30 seconds 

one audio o r  d i g i t a l  (2500 bps) 

a t  least one p a r t  i n  103 

1.5 v o l t  PP @ 50 ohm 

28 rt 4 v o l t s  

50 w a t t s  

4 hours 

Hel ica l  scan, 2 heads, (3 180" 

Within 10% 
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To provide s u f f i c i e n t  r e l i a b i l i t y  and s torage  c a p a c i t y , i t  i s  planned to use 
two video space recorders  with e i t h e r  automatic changeover, o r  command change- 
over. 

Some add i t iona l  development w i l l  be required t o  provide voice recording of  50 
to  12,000 Hz. 

Preliminary equipment l i s t :  Table 49 l ists  the major equipment elements 
fo r  the  telemetry subsystem. 

Command and Control  

The Primate Spacecraf t  Command and Control  Subsystem cons i s t s  of a com- 
mand decoder t o  decode ground.commands and a programmer/sequencer t o  provide 
spacecraf t  subsystems wi th  timing and con t ro l  t h a t  can be modified by up-link 
commands. 

The approach presented he re in  evolved from the  se lec ted  approaches of the  
cen t r a l i zed  vs.  Remote and Data Encoding Trade S tudies  ( r e f  6). 

A s impl i f ied  block diagram of the  Command and Control  Subsystem i s  shown 
i n  f igu re  81. 

Command and c o n t r o l  requirements and cons t r a in t s .  - The Command and 
Control  Subsystem decodes the  commands received and demodulated by the telem- 
e t r y  subsystem, Using these  commands, the Command and Control  Subsystem 
regula tes  a l l  on-board timing and con t ro l  s igna l s  f o r  the  E l e c t r i c a l  Power, 
Telemetry, Instrumentation, L i f e  Support, Thermal Control,  A t t i t ude  Control,  
and S t ruc tu re  and Mechanical Subsystems. 

The Apollo PCM two-tone format w i l l  be used f o r  spacecraf t  commands and 
the  format w i l l  be the  same as t h a t  used f o r  the  Apollo Command Nodule, 
except f o r  necessary vehic le  and subsystem address changes. 

The Primate Spacecraf t  w i l l  a l s o  have the  a b i l i t y  t o  receive commands 
through the  GSE launch tower umbil icals  when it  i s  on the  launchpad,  A l l  
monitoring p r i o r  t o  launch w i l l  be accomplished using the  launch tower GSE 
umb i l i c  a 1. 

The Command and Control  Subsystem w i l l  operate  throughout the  func t iona l  
l i f e  of the  Primate Spacecraf t  through prelaunch, launch-to-separation, post-  
separa t ion  ( o r b i t a l ) ,  and recovery modes. 

The prelaunch phase of spacecraf t  operat ion i s  i n i t i a t e d  two days before  
launch and terminates  a t  boos te r  l i f t - o f f ,  A t  T minus two hours, spacecraf t  
switches t o  i n t e r n a l  power. 
Control  Subsystem becomes s e l f - s u f f i c i e n t  wi th  provis ion f o r  a command over- 
r i d e  through the  GSE umbilical .  

During the  prelaunch mode the  Command and 

The launch-to-separation phase of spacecraf t  opera t ion  starts with boos te r  

During t h i s  phase, Command and Control Subsystem operat ion is e n t i r e l y  
l i f t - o f f  and ends when the  Command Service Module releases the  spacecraf t  i n  
o r b i t .  
s e l f - s u f f i c i e n t .  
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TABLE 49. .. PRELIMINARY EQUIPMENT LIST 

:tern No.  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

206 

Descript ion 

TV and voice recorder  

Switches ( c i r c u i t r y )  

PCM encoder 

Data recorder  

Premodulat ion 
processor 

(6.5 kb) buf fer  
s torage  

D ua 1 t r a n s  ponder 

TV t r ansmi t t e r  

Telemetry t ransmi t te r  

Diplexer , c i r c u l a t o r  
TV assembly 

Diplexer,  c i r c u l a t o r  
d a t a  assembly 

Data antennas 

TV antennas 

Suggested 
manufacturer 

RCA SH-L-1 

Nor throp 

Radiation Inc.  

Col l ins  

Te l e m e  t ermagne t i c  s 

Motorola 

Watkins, 
Johnson, 
Hughes 

Watkins, 
Johnson , 
Hughes 

Rantec 

Rantec 

Nor throp 

Nor throp 

P a r t  
No. 

t e m  5 cor res -  
onds t o  s i m -  
1 i f  i ed  ver  s io1 
f Col l ins  
6OC-1 premod- 
l a t i o n  
roces  sor  

i m i l a r  t o  
lo l l ins  621F 

Juant i t y 
P e r  

pacecraf t 

2 

5 

1 

2 

1 

1 

1 

2 

2 

1 

1 

2 

6 
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Command decoder 

I 
I I  

GSE 

I 

1 

I 

Commands 

Programmer - sequencer 

Timing 
& 

con tro I 

L 
Figure 81. - Command and control subsystem - simplified block diagram 

The o r b i t a l  phase of spacecraf t  o p e r a t i o i ,  l a s t i n g  approximately one year ,  
starts when the Command Service Module i n j e c t s  the  spacecraf t  i n t o  i ts  f i n a l  o r b i t  
and ends a t  the start  of the recovery mode. 

The recovery phase of spacecraf t  opera t ion  begins when the spacecraf t  i s  
docked with the Command Service Module and ends when the KILL command becomes 
e f f ec t ive .  The "KILL" command disconnects  the  s o l a r  panels from the  space- 
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c r a f t  power subsystem thereby ext inguishing the  communication a b i l i t y  of the  
spacecraf t  I n  approximately th ree  hours. Terminating the  communications l i n k  
w i l l  permit subsequent use of s i m i l a r  ( o r  exact)  commands by o the r  spacecraf t  
without the  in t e r f e rence  from a responsive Primate Spacecraf t .  Again, 
operat ion of the  Command and Control  Subsystem is s e l f - s u f f i c i e n t  throughout 
the  recovery phase with provis ion f o r  modif icat ion by ground command. 
50 summarizes the  commands from the  ground s t a t i o n  t o  the  spacecraf t  v i a  
up-link telemetry,  

Table 

Command and con t ro l  system funct iona l  desc r ip t ion  and performance. .. A s  
s t a t e d  e a r l i e r ,  the  command and con t ro l  subsystem provides the  timing and 
con t ro l  s i g n a l s  f o r  a l l  of the  var ious spacecraf t  subsystems. Figures  82 and 
8 3  i l l u s t r a t e  the  prelaunch and launch-to-separation phases command and con- 
t r o l  opera t ion  time l i n e s ,  while  f igu res  84 and 85 show the  sampling i n t e r v a l s  
of var ious d a t a  poin ts  during o r b i t .  Table 51 i temizes  the  number of d a t a  
poin ts  and cont r ibu t ing  subsystems, while f i g u r e  86  represents  a t y p i c a l  
p r o f i l e  of t e l e v i s i o n  and d a t a  dump pass, 

To sample and t ransmit  t he  accumulated da ta ,  the  following assumptions 
a r e  made: 

(1) The spacecraf t  w i l l  complete 10 consecutive o r b i t s  without ground 
coverage. 

( 2 )  S i x  consecutive o r b i t s  w i l l  he required t o  dump the  da ta .  

(3) The t o t a l  dump t i m e  p e r  day w i l l  be  38 minutes. 

(4)  The dump time w i l l  range from four  minutes t o  9 minutes over t h e  
ground s t a t i o n  per  pass. 

(5) One minute a c q u i s i t i o n  t i m e  w i l l  be required f o r  each dump o r b i t .  

( 6 )  The rasdom and more f requent ly  occurring d a t a  w i l l  be temporarily 
s tored  and sequenced onto the  tape a t  an opportune time. 
EKG is  sampled f o r  f i v e  minutes f o r  each P r i m a t e  a t  four  hour i n t e r v a l s ,  

For example, 

The t i m e  required t o  dump the  d a t a  accumulated during 10 o r b i t s ,  is  approx- 
imately 8 minutes f o r  a 51.2 Kbps rate, however, a t o t a l  of 38 minutes i s  a v a i l -  
a b l e  over s i te f o r  6 o r b i t  passes ,  
required f o r  each pass,  32 minutes are a v a i l a b l e  t o  dump 8 minutes of accumulated 
d a t a ,  leaving 24 minutes f o r  real-time transmission. The real-time transmission 
w i l l  be on command following t h e  down l i n k  dump. 
command f o r  o the r  programmed sequence is  a l s o  poss ib le .  

Assuming t h a t  1 minute acqu i s i t i on  t i m e  is  

However, over r ide  by ground 

Transmission of t e l e v i s i o n  d a t a  is independent of o the r  d a t a  transmission; 
however, it i s  simultaneously dumped with o ther  spacecraf t  da ta .  R e a l - t i m e  o r  
t e l e v i s i o n  recorder  dump is  a commanded func t ion  and w i l l  usual l )  be i n i t i a t e d  
following an acceptable  s t a t u s  of t he  quick-look engineering da ta .  
it may be advisable ,  due t o  t h e  l a rge  quan t i ty  of t e l e v i s i o n  da ta ,  t o  start 
t e l e v i s i o n  t r ansmi t t e r s  as soon as poss ib l e  upon a c q u i s i t i o n  and then stop t h e  
t r ansmi t t e r s  i f  the quick-look engineering d a t a  is  not  favorable.  The tele- 
v i s i o n  p r o f i l e  is  shown i n  f i g u r e  86. 

However, 
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T - 48 hours 

(48 hours) Start monitoring primate status 

- - - - - -  

Liftoff 

(T - 10 hrs) Launch-vehicle count-down 

I T =  0 

Figure 82. - Pre-launch profile 

The i n t e r v a l  of t e l e v i s i o n  recording f o r  both of the  primates i s  as follows: 

(1) 

(2) One minute before  l igh ts -on  

(3) One minute a f t e r  l i gh t s -o f f  

(4) 

One minute a t  the  beginning of each hour 

One minute a t  the  middle of t he  10 hour dark period 

The real- t ime t e l e v i s i o n  t ransmission occurs f o r  one minute, 30 seconds 
per  primate, a t  each pass f o r  s ix  o r b i t s .  
t o  record the  real- t ime t e l e v i s i o n  on the  spacec ra f t ,  
u t i l i z e  the  dump t i m e ,  the  real- t ime t e l e v i s i o n  w i l l  s top  the  t e l e v i s i o n  
recorder  dump a t  the  beginning of i t s  one minute period and s t a r t  the  
t e l e v i s i o n  recorder  dump upon completion of t he  one minute real- t ime t r ans -  
mission. 
programer /S e que nc er . 

It w i l l  not  be necessary 
To more e f f i c i e n t l y  

This timing as we l l  as a l l  o the r  timing w i l l  o r i g i n a t e  from the  

Command decoder: Input  from the  te lemetry demodulator t o  the  command 
decoder i s  coded video. 
ining the  word format and spacecraf t  i n d e n t i f i c a t i o n  c h a r a c t e r i s t i c s  of the  
upl ink command. Figure 87 i s  a block diagram of the  decoder, and f i g u r e  88 
i l l u s t r a t e s  the  upl ink command s t ruc tu re .  

The decoder accepts  o r  r e j e c t s  commands a f t e r  exam- 
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Orbital miss. 

C-D- 
a 

Maximum time 377.6 min 
including 36 rnin dark period 

S1 B stage sep. Begin SIVB thrust 1 STVB Stage cutoff I 
_1 

- I  
E-- 2.5 min I 0.1 min +,---- 15 min 

Liftoff 

-- -- 
A 

I CM Docks with S/C 
15 to 20 min I CM Sep. from SLA 

6 to 7min 
I 
I-, - - - - ~+- - - -- 

CM thrust to I final orbit 
Final checkout of 

spacecraft prior to orbit 
1 

+ ------ I- 
Orbital 
miss ion 

Figure 83. - Launch-to-separation profile 

Commands s e n t  t o  the  spacecraf t  c o n s i s t  of 12 b i t s ;  t he  f i r s t  3 b i t s  

The decoder accepts  o r  r e j e c t s  the  command depend%ng on the  
determine the  vehic le  address.  A command is sen t  four  times i n  series t o  the  
spacecraf t .  
command length  and vehic le  address  as determined by the word v a l i d i t y  r e g i s t e r .  
The va l id  command is  then  t r ans fe r r ed ,  through a d a t a  switch,  t o  one of four  
command comparator r e g i s t e r s .  The second of the  four  i d e n t i c a l  up-link 
commands i s  received i n  the  word v a l i d i t y  r e g i s t e r  and t h e  process repea ts  
u n t i l  a l l  fou r  commands have been t r ans fe r r ed  t o  the  command comparator 
r e g i s t e r s .  I f  a l l  four  commands are i d e n t i c a l ,  a v e r i f i c a t i o n  response is 
t ransmit ted t o  the  ground s i t e .  
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Days 

I 365 

I 
- - - 10 hrs dark 1 L- 14 hrs light 1 

Figure 84. - Typical mission day profile' 

unce the  veh ic l e  address  has been es tab l i shed ,  the  th ree  b i t s  are no 
longer s i g n i f i c a n t  and are not  t r ans fe r r ed  t o  the  command comparator r e g i s t e r .  
Af t e r  the  command has been v e r i f i e d  as co r rec t ,  i t  is  s e n t  t o  the  programmer 
sequencer f o r  execution. Of the  four  i d e n t i c a l  commands only one i s  s e n t  t o  
the programmer sequencer; t he  o t h e r  t h ree  are erased.  The comparator 
r e g i s t e r  i s  then f r e e  t o  accept  add i t iona l  up-l ink commands. 

Commands sen t  t o  the  spacecraf t  have the  same format and length  as used 
by the  Command Service Module f o r  the  Apollo mission, 
s t r u c t u r e  i s  shown i n  f i g u r e  88. 
required f o r  the p r i m a t e  spacecraf t ,  it is proposed t o  employ the  th ree  system 
address  b i t s  as p a r t  of the  s i x  command b i t s .  This increases  the  up-l ink 
command c a p a b i l i t y  t o  nine b i t s  from s ix  b i t s .  

The Apollo command 
Due t o  the  l a rge  number of commands 

Programmer sequencer: Af t e r  t h e  decoder v e r i f i c a t i o n  has  been s a t i s f i e d ,  
t he  commands are t r ans fe r r ed  t o  the  programmer sequencer s torage  from which the  
command execution commutator executes t h e  command. A block diagram of the  
programmer sequencer is shown i n  f i g u r e  89. 

The programmer sequencer has  provis ions t o  s t o r e  up t o  four  upl ink 
commands. To avoid timing in t e r f e rence  t h a t  could be caused by an  immediate 

VOL I11 

R 

2 15 



I 24 hours * 

EKG 5 min/4 hr 
Orbit . Orbit 

10 I 11 
-e_. 

I 

I 
1/24 hr 
and 
l/wk 

Sample 
hr: 1/2 hr 1/3 hr 1/4 hr 1/6 hr 

t 

TV- 1 min/hr 
LL 1 Orbit (90 min) 

I I 
8 

I 

1 h r  
I I 

1/15 rnin 1/15 min 1/15 min 
sample sample 

I 

+ 

I- t15 rnin - 

I I 
L '  
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I 
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See Table 51 for the number of data points at these sample periods 
~~ ~ 

Figure 85. - Typical data collecting orbif profile 
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I 
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Quick look 
Spacecraft data recorder dump 
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Real-time TV 

30 sec -4 7 min max 
2 min min 

- 30 sec 

Data transmitted PM 
TV transmitted FM 
Data and TV transmitted 

simultaneously 
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Figure 86, - Typical dump profile 
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Figure 87. - Decoder block diagram 
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t - v e h i c l e  +System ~= Command ~ 

address address 

CSM, RTC 
Primate Telemetry, 

spacecraft, attitude control, 
etc. etc. 

Lights on, 
TV on, 
etc. 

Figure 88. - Up link command structure 

execut ion of a command, t he  command remains i n  the s torage  u n t i l  read out by 
the  command execut ion commutator. The four  command s torage  c e l l s  are ’ 

numbered one t o  four ,  the  read-in oi: commands a r e  s tored  i n  the  smaller  num- 
be r s  f i r s t  and progress t o  the higher .  Also, read-out of the  commands 
progresses from the smaller numbered ce l l s  and t o  the  higher .  I n t e r l a c e  
e x i s t s  i n  the  s torage  such t h a t  simultaneous read-in and read-out can be 
implemented. 

Generally,  the  execut ion t i m e  i s  less than  the  receiving,  v e r i f i c a t i q n  
and s torage  of a command time. However, considerable  t i m e  may elapse i n  
obtaining spec i f i ed  r e s u l t s ,  For example, recorder  playback would requi re  
seve ra l  minutes. 

Bas i ca l ly  the re  are two types of s tored  commands. Commands f o r  immediate 
e f f ec t iveness  and commands t o  become e f f e c t i v e  a t  a l a t e r  time. Commands f o r  
immediate execut ion would include but  not be l imited t o  the  following: 

(1) Override t a s k  completion f o r  food and water 
(2) Turn ON o r  OFF the  behavioral  panel 
(3) S t a r t l e  response 
( 4 )  Real-time t e l e v i s i o n  o r  o t h e r  da t a  
(5) S t a r t  playback of recorders  
( 6 )  Cr i t i ca l  engineering da ta ,  

Commands t o  become e f f e c t i v e  a t  a l a t e r  time would include bu t  not be 
l imi ted  t o  the following: 

(1) Vary the  sequence of t a s k  

(2) Modify the c h a r a c t e r i s t i c s  of the t a s k  
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Figure 89. - Program sequencer block diagram 
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(3) Change the  frequency of recording i n t e r v a l s  of the recorders  ( t e l e -  
v i s ion  (or da ta  recorders) .  

I n  add i t ion  t o . t h e  four  commands, four  subrout ines  a r e  a l s o  s tored  i n  the  
programmer sequencer t o  improve e f f i c i ency  i n  sequencing and s t o r i n g  on-board 
data .  Routines f o r  con t ro l  and gather ing of da t a  a l s o  include but  not be 
l imited t o  the  following: 

(1) I n i t i a t e  and sequence d a t a  blocks t o  the recorder  a t  per iodic  
recording i n t  e rva Is 

(2) Sequence d a t a  t o  the recorder  a t  o t h e r  than the standard record 
i n t e r v a l  i f  overflow of t he  temporary s torage  i s  evident  

(3)  Playback of t e l e v i s i o n  o r  d a t a  recorders .  

The programmer-sequencer performs synchronizat ion of a l l  onboard da ta  
c o l l e c t i n g  and spacecraf t  con t ro l ,  including such func t ions  as; 

(1) S t a r t  and s top  recorders  and t r ansmi t t e r s  
(2)  In t e r roga te  var ious  sub-areas a t  predetermined i n t e r v a l s  
(3) 
( 4 )  Monitor engineering s t a t u s  of sub-areas 
(5) Energized redundant f e a t u r e s  when necessary 
( 6 )  S h i f t  d a t a  from temporary s torage  t o  the tape recorder  
(7) Gather d a t a  i n t o  a s u i t a b l e  format f o r  block recording. 

Provide over r ide  c a p a b i l i t y  upon ground command 

On-board subrout ines  a r e  used when necessary t o  provide several timing 
o r  c o n t r o l  s i g n a l s  which are required t o  complete an operat ion.  The four  
subrout ines  i n  the programmer sequencer are t o  accomplish the  following form 
tasks ;  

F i r s t ,  t h e  temporary s to rage  conten ts  are t r ans fe r r ed  onto t h e  magnetic tape  
recorder.  This  could occur a t  a s tandard record cyc le  o r  be forced due t o  
s torage  overflow. The subrout ine i s  energized by the  s tandard sample i n t e r v a l  
programmer o r  by the  overflow s t a t u s  of the  s torage ,  

Secondly, t he  EKG is sampled every four  hours f o r  f i v e  minutes. This  
subrout ine provides t iming and c o n t r o l  t o  s ta r t  the  commutator and recorder  
f o r  recording t h e  EKG sample. The EKG i s  sampled f o r  one primate followed 
by the  sample from the  o ther .  It is  poss ib le  t o  t r a n s f e r  t he  temporary 
s torage  t o  the  record between the  EKG samples i f  it is  evident  overflow 
would occur p r i o r  t o  completion of the  following EKG sample. 
d a t a  must be  annotated wi th  respec t  t o  the  t i m e  of day. The Behavioral  
Panel requi res  t e n  mil l iseconds resolving accuracy of t i m e .  The programmer- 
sequencer provides the  necessary timing s i g n a l s  t o  accomplish t h i s  o rde r  of  
reso lu t ion .  The programmer-sequencer must a l s o  provide s i g n a l s  t o  energize 
var ious  redundant f ea tu res  should malfunctions ar ise ,  

Much of t he  

Thirdly,  when real-time t e l e v i s i o n  t ransmission is commanded during 
t e l e v i s i o n  recorder  playback, a subrout ine provides t h e  t iming and c o n t r o l  
s i g n a l s  t o  i n t e r r u p t  t h e  playback o f .  t he  recorder  and energized the  c o r r e c t  
camera f o r  transmission. 
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Fourth, a subroutine energizes  the  recorders  and t r ansmi t t e r s  f o r  com- 
manded playback of t e l ev i s ion ,  da t a  o r  both. Up-link command f o r  playback 
overr ides  on-board recording of t e l e v i s i o n  o r  d a t a  i f  t e l e v i s i o n  recording 
has not y e t  begun i ts  record cyc le  o r  i f  temporary s torage  is  not being 
t r ans fe r r ed  t o  the  tape record. I f  the  t e l e v i s i o n  recorder  i s  i n  i t s  record 
cyc le  o r  t he  da t a  recorder  is  c o l l e c t i n g  the  conten ts  of the  temporary 
s torage  they continue u n t i l  completion, before  accepting a playback command. 

The onboard t i m e  of day clock i s  a c r y s t a l  cont ro l led  d iv ider ,  present ing 
the  time from one mill isecond t o  24 hours. The e r r o r  of the  spacecraf t  
c lock  can be determined by the  ground s t a t i o n  a t  da t a  dumps; therefore ,  
updating of the  onboard c lock  i n  not necessary. 

Uplink commands a r e  required f o r  both d a t a  and t e l e v i s i o n  recorder  play- 
back. 
up-link commands. Timing t o  sequence and c o n t r o l  recorders  and t r ansmi t t e r s  
o r ig ina t e s  wi th in  the  programmer-sequencer. 

I n i t i a t i o n  of Real Time t ransmission of da t a  o r  t e l e v i s i o n  requi res  

The standard sample i n t e r v a l  programmer performs the  required timing and 
con t ro l  s igna l s  f o r  c o l l e c t i n g  and processing primate and engineering data.  
The spacecraf t  operates  i n  a self-contained fashion,  without the  a id  of ground 
commands, t o  accomplish mission requirements. Up-link ground commands are 
necessary t o  devia te  from the  mode of operat ion d i c t a t ed  by t h i s  programmer. 
Af te r  a devia t ion  has  been e f f ec t ed  by a command, t h i s  modif icat ion remains 
e f f e c t i v e  u n t i l  modified by a subsequent command, 

The behavioral  panel conta ins  c i r c u i t r y  t o  monitor and modify the  var ious 
primate t a s k  as indicated by the  commands. 

Power switched a t  the  using subsystem i s  not  supplied by the  Command and 
Control  subsystem. 
through r e l ays  o r  so l id  s t a t e  devices  switched by s igna l s  o r ig ina t ing  i n  the  
Command and Control  subsystem. 

The power i s  provided by the  e l e c t r i c  power subsystem 

A l l  onboard engineering and primate da t a  are gathered i n  a programmed 
sequence according t o  the  da t a  requirements, 
i n t e r roga te s  the  var ious subsystems a t  es tab l i shed  sample in t e rva l s .  Data i s  
read out  t o  the  telemetry subsystem where i t  i s  processed i n t o  s u i t a b l e  
formats f o r  eventual  downlink transmission. Uplink commands provide the  
f l e x i b i l i t y  t o  over r ide  and dev ia t e  from t h i s  programmed sequence of 
c o l l e c t i n g  da ta .  

The programmer sequencer 

The behavioral  panel e l ec t ron ic s  perform a sequence of scrambled t a sks  
f o r  the  primates work pa t te rn .  This scrambled sequence of t a s k  presenta t ion  
can a l s o  be modified by upl ink commands. 

Advance. development areas .  - Development e f f o r t  of an advanced o r  spec ia l  
nature  beyond the  normally an t i c ipa t ed  engineering e f f o r t  is  not required.  

Preliminary Equipment Tes t .  - A p a r t s  l i s t  is shown i n  t a b l e  52. 
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E l e c t r i c a l  Power and Cabling 

The Primate Spacecraf t  power subsystem.is one of the  cr i t ical  elements 
upon which t h e  success of t he  extended weight lessness  experiment is dependent. 
Therefore,  t he  power subsystem must be designed t o  provide an uninterrupted 
source of  power f o r  t h e  dura t ion  o f  t he  mission. 

The base l ine  design described he re in  evolved from t h e  approaches se l ec t ed  
from t r ade  s tud ie s  of  t he  Power Subsystem, System I n t e r a c t i o n ,  and Source and 
Di s t r ibu t ion  ( r e f .  5 ) .  

The power system configured f o r  the  Primate Spacecraf t  c o n s i s t s  of  t he  
following major func t iona l  elements: 

(1) Power sources including s o l a r  a r r a y ,  secondary b a t t e r i e s  and primary 
b a t t e r i e s .  Ground power is required during ground operat ions.  

(2) Conversion equipment including r egu la to r s  and i n v e r t e r s  required t o  
produce regulated de and ac f r o m t h e  r a w  power bus. 

(3) Dis t r ibu t ion  including the  busses,  cab l ing  and switching required t o  
provide power t o  t h e  loads.  

(4) Control and pro tec t ion  including the  c i r c u i t r y  which provides f o r  
automatic and manual con t ro l  of  t h e  condi t ion ing ,  switching, and s torage  
devices of t h e  power subsystem. 

( 5 )  Pyrotechnic c i r c u i t r y  including the  Pyrotechnic Control Unit (PCU), 
This c i r c u i t r y  provides the  mechani- Pyrobat tery and Pyrotechnic Actuators.  

za t ion  f o r  arming and f i r i n g  the  var ious pyrotechnic devices  used f o r  deploy- 
ment of  spacecraf t  devices.  

E l e c t r i c a l  power and cabl ing  subsystem requirements. - The Primate Space- 
c r a f t  power subsystem i s  mission cr i t ical  and-must be designed f o r  maximum 
r e l i a b i l i t y .  
dancy where f a i l u r e  a t  t he  black box o r  component l e v e l  would r e s u l t  i n  
se r ious  compromise of mission objec t ives .  

It is  e s s e n t i a l  t h a t  t h e  power subsystem design provide redun- 

The Spacecraf t  w i l l  be on primary b a t t e r y  power from T-2 hours before 
launch u n t i l  s o l a r  panel deployment. 
load requirements is shown as f igu re  90. 
power demand w i l l  be minimized during t h i s  phase of the  mission s ince  the  
s o l a r  a r ray  is  inoperat ive.  
are shown a s  f igu re  91. 
The ana lys i s  assumes 80% i n v e r t e r  and 90% voltage r egu la to r  e f f ic iency .  
250 n. m i .  c i r c u l a r  o r b i t  having a 35.8 minute maximum dark time and a 57.9 
minute minimum sun l igh t  t i m e  was u t i l i z e d  t o  s ize  major power subsystem 
funct iona l  elements . 

A power p r o f i l e  representa t ive  of  the  
The assumption has  been made t h a t  

The power requirements f o r  a worst case orbit a 
A d e t a i l e d  power load breakdown is given i n  t a b l e  53. 

A 

To minimize t h e  chance of ca tas t rophic  f a i l u r e  occurring as a r e s u l t  of a 
malfunction i n  the  power subsystem, redundant major u n i t s  such as regula tors  
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Figure 90. - Prelaunch-launch power profile 

and i n v e r t e r s  w i l l  have a s soc ia t ed  c i r c u i t r y  f o r  automatic switchover wi th  
the c a p a b i l i t y  t o  over r ide  t h e  automatic func t ion  through ground command. 

The power subsystem w i l l  have a minimum i n  o r b i t  l i f e  of one year .  

A l l  non-essent ia l  f a i l e d  power using o r  power condi t ion ing  elements o f  
t h e  Spacecraf t  w i l l  be removed from t h e  power bus through appropr i a t e  fusing 
o r  r e l a y  p ro tec t ion .  

The switching and condi t ion ing  components of the  power subsystem must 
be pro tec ted  from c u r r e n t  t r a n s i e n t s  which could r e s u l t  i n  gradual degrada- 
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Figure 91. - Power requirements for worst case orbit 

e 

t i o n  o r  f a i l u r e .  
i n  t h e  power d i s t r i b u t i o n  system. 

Current l imi t ing  must be provided a t  appropr ia te  l oca t ions  

The power d i s t r i b u t i o n  system must be designed t o  minimize c r o s s  t a l k  and 
EM1 on a l l  busses.  
r e l i a b i l i t y  are pr ime design cons t r a in t s .  

Electromagnetic compat ib i l i ty ,  magnetic c l ean l ines s  and 

The b a s i c  power sources cons is t ing  of  s o l a r  panels ,  primary b a t t e r i e s  
and secondary b a t t e r i e s  must be grouped t o  provide maximum r e l i a b i l i t y .  
Implementation of f a i l u r e  mode switching between power sources w i l l  be 
through automatic sensing c i r c u i t r y .  
overr ide automatic switching func t ions  by ground command w i l l  be provided. 

I n  a l l  ins tances ,  t he  c a p a b i l i t y  t o  

Electrical Dower and cabl ing  subsystem funct iona l  descr ip t ion  and perfor-  - mance. - The Pr imate  Spacecraft  power subsystem de ta i l ed  block diagram is 
shown a s  f igu re  92. 
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TABLE 53. - DETAILED LIST OF PRIMATE SPACECRAFT LOADS 
(ORB IT& OPERAT ION) 

System 

L i fe  support  and 
thermal 

Main f an  

Collant f an  

0 valves  

Miscellaneous valves  

Miscellaneous 

W l i g h t  

Fluorescent l i g h t s  

Feeder 

Waterer 

Behavioral panel 

Behavioral panel e l e c t  

2 

Thermal 

Moving w a l l  ( 2 )  

Recovery capsule  
door ( 2 )  

TV door ac tua to r  

1. Telemetry 

Diplexer 

Data t r ansmi t t e r  

CMD record 

Data Record 
*Unregulated 

2 28 

lower -peak 

(watts)  

350.0 

30 .O 

15.0 

20.0 

26.5 

20.0 

70.0 

178.0 

24 .O 

4.5 

5 .O 

24.0 
766.5 

200 .o 

120.0 

1.0 
108.7 

2.0 

100 .o 

3.0 

30 .O 

Power-continuous 

( w a t t s )  

100 .o 

30.0 

0 

0 

26.5 

15.0 

60 .O 

0 

0 

4.5 

5 .O 

24 .O 
264.5 

0 

0 

0 
264.5 

0 

0 

3.0 

30.0 

Type of power 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

115 vac 400 Hz 

115 vac 400 Hz 

28 vdc* 

28 vdc* 

28 vdc:k 

28 vdc k 1% 

28 vdcJf 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc:k 
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TABLE 53. - (Continued) 

System 

VCO' 8 

Data switch 

PCM encoder 

TV camera 

TV recorder 

TV t r ansmi t t e r  

VOL 

Coitnnand & con t ro l  

At t i tude  con t ro l  

Gyros 

Pickof f 

Heater 

Jet valves 

Sun sensor 

Elec t ronics  

I n s  t r ument a t  ion  

No. 1 s i g n a l  cond. 

No. 2 s i g n a l  c a d .  

Dos i m e t  er 

Data processor 

Biotelemetry receivers 

Biotelemetry 
d iscr imina tor  

*Unregulated 

111 

Power -peak 

10 .o 

7 .O 

10 .o 

14.0 

50 .O 

200.0 
426.0 

5.0 
5.0 

- 
- 

18.0 

1.0 

70 .O 

12.0 

1 .o 

10 .o 
112.0 
- 

15.0 

15.0 

0.5 

10.0 

18.0 

12.0 

Power -cont inuous 

10.0 

7 .O 

10 .o 

0 

0 

0 
60.0 

5.0 
5.0 

- 
- 

10 .o 

.5 

45 .O 

0 

1 .o 

10.0 
66.5 
- 

15.0 

15.0 

0.5 

10.0 

0 

0 

Type of power 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

28 vdc* 

25 vac 3 4  
2400 Hz 

28 vac 14 
1600 Hz 

28 vdc* 

28 vdc* 

28 vdc .I. 1% 

28 vdc .I. 1% 

28 vdc .I. 1% 

28 vdc f 1% 

28 vdc f 1% 

28 vdc 3. 1% 

' 28 vdC* 

28 vdc* 
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System I 
I 

Microphone p i c  kup s 

Experiment t ransducers  
& sensors  

Engineering 
transducer s 

F. Power condi t ioning Loss 

TABLE 53. - concluded 

6.0 1 0 

62.0 I 39.0 

Type of power 

28 vdcJf 

28 vdc 2 1% 

28 vdc 2 1% 

28 vdc* 

*Unr eg u 1 a t  ed 

The s o l a r  a r r a y  has been subdivided i n t o  four  275-watt panels and a body 
mounted 100-watt panel ,  each of which feeds the  unregulated bus and t h e  
b a t t e r y  charger /ba t te ry  combinations. Bat te ry  power w i l l  be u t i l i z e d  dur ing  
t h a t  por t ion  of t h e  nrhit-when t h e  primate spacecraf t  i s  ec l ipsed  by t h e  e a r t h  
f o r  sho r t  dura t ion  peak loads,  and f o r  1 second during primate feedings.  
The s o l a r  panels provide power t o  opera te  t h e  spacecraf t  and charge the  four  
n i cke l  cadmium b a t t e r i e s  during the t i m e  t h e  veh ic l e  i s  i n  the  sun l igh t .  
Power shar ing between t h e  s o l a r  a r r a y  and b a t t e r i e s  can be accomplished wi th  
diodes wi th  the  opera t ing  vol tage  a t  the  maximum power poin t  of  t h e  s o l a r  
a r r a y  jud ic ious ly  chosen and matched t o  t h e  vol tage  c h a r a c t e r i s t i c s  of the  
b a t t e r i e s .  The s o l a r  a r r a y  has  a growth f a c t o r  of 160 w a t t s  capac i ty .  

I f  a f a i l u r e  occurs i n  one o f  t he  b a t t e r y  cha rge r lba t t e ry  wmbinat ions,  
it w i l l  be switched of f  l i n e  and t h e  o the r  t h ree  b a t t e r i e s  w i l l  c a r r y  the  load. 
The depth of  discharge f o r  t h e  remaining b a t t e r i e s  w i l q  increase  t o  33% 
during t h e  dark  por t ion  o f  t h e  o r b i t .  

F a i l u r e  o f  t w o  b a t t e r y  charger /ba t te ry  comb ina t  ions would increase  the  
Most of t h e  mission ob jec t ives  would be accom- depth o f  discharge t o  50%. 

p l i shed ,  bu t  it i s  doubtful  i f  t h e  one year  mission t i m e  would be m e t .  The 
chances of completing t h e  one year  mission wi th  two f a i l e d  b a t t e r i e s  would be 
enhanced i f  t h e  b a t t e r y  c a p a c i t i e s  are increased thereby reducing t h e  depth 
of discharge.  Reduced depths  of  discharge effect  a n  added weight penal ty .  
The increase i n  b a t t e r y  weight f o r  reduced depths of  discharge i s  shown as 
f i g u r e  93. 

P r i o r  t o  launch, power w i l l  be suppl ied t o  the  spacecraf t  through the um- 
b’ilical d i r e c t l y  t o  t h e  main unregulated bus. The ground power opera tes  the  
spacecraf t  subsystems and maintains a11 b a t t e r i e s  i n  a s t a t e  of  f u l l  charge. 
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Primate spacecraft 
required battery weight vs. - 
depth of discharge for nickel 
cadmium batteries 
2A-hr discharge 

~ 

0 10 20 30 40 50 
Depth of discharge -percent of available capacity 

Figure 93. - Primate spacecraft battery weight versus discharge 

During t h e  t i m e  period from umbilical  disconnect t o  s o l a r  panel deployment, 
power w i l l  be suppl ied by two i d e n t i c a l  Ag-Zn primary b a t t e r i e s .  
ment of  the s o l a r  a r r a y  w i l l  cause a switch t o  open and disconnect the  primary 
b a t t e r i e s  from t h e  unregulated bus,  Simultaneously,  t he  n i cke l  cadmium 
b a t t e r i e s  are switched t o  the  bus. 

The deploy- 

The main unregulated bus feeds t h e  e s s e n t i a l  unregulated bus. The essen- 
t i a l  unregulated bus supp l i e s  dc power t o  a l l  i nve r t e r s ,  and e s s e n t i a l  
sub sys  t e m s  . 

Main and standby i n v e r t e r s  provide t h r e e  types of ac  power f o r  l i gh t ing ,  
A f a i l u r e  i n  t h e  main inve r t e r  w i l l  be sensed by t h e  and a t t i t u d e  con t ro l .  

automatic i n v e r t e r  t r a n s f e r  c i r c u i t r y  which then switches the  standby inve r t e r  
on- l ine  and switches the main inve r t e r  o f€ - l ine .  S imi la r  automatic t r a n s f e r  
c i r c u i t r y  is provided f o r  vo l t age  r egu la to r  con t ro l .  
and unregulated busses  can be disconnected from t h e  e s s e n t i a l  busses by 
ground command. 

Non-essential  regulated 

Power sources:  The Spacecraf t  w i l l  r equ i r e  32 vdc ground power t o  be 
suppl ied through t h e  umbil ical  t o  t h e  unregulated bus. The ground power 
maintains a l l  b a t t e r i e s  a t  f u l l  charge and provides power t o  opera te  t h e  
spacecraf t  during prelaunch checkout. 
a b l e  of de l ive r ing  a t  least 1200 w a t t s .  

The ground power suppl ies  must be  cap- 
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Two s i lve r - z inc  primary b a t t e r i e s ,  each having a capac i ty  o f  2250 w a t t -  
hours o r  75 ampere-hours a t  a nominal vo l tage  of 30 v o l t s  w i l l  be  used f o r  t h e  
prelaunch-launch per iod i n t e r n a l  power source.  The primary b a t t e r i e s  are 
connected t o  t h e  unregulated bus through blocking diodes so t h a t  t he  bus power 
can be maintained should one primary b a t t e r y  f a i l .  

F a i l u r e  of  a primary b a t t e r y  during launch can be  almost completely o f f -  
set by au tomat ica l ly  switching t h e  nickel-cadmium secondary b a t t e r i e s  t o  t h e  
unregulated bus. 
bus u n t i l  s o l a r  panel  deployment. 

Normally the  secondary b a t t e r i e s  would no t  be connected to  the  

The primary b a t t e r i e s  w i l l  be  manually a c t i v a t e d  and w i l l  be  maintained i n  
a temperature con t ro l l ed  environment, 80 9 5 o r  -10°F both before  and a f te r  
i n s t a l l a t i o n  i n  t h e  spacec ra f t  t o  minimize degradat ion.  Act iva t ion  w i l l  occur 
s h o r t l y  before  launch. 

S i l v e r  Zinc primary b a t t e r i e s  can withstand several charge discharge cyc les  
under t h e  proper condi t ions  and hence a l imi ted  amount of  ground opera t ion  
w i l l  be poss ib le ,  
power source a f t e r  t he  launch phase i s  a l s o  a f e a s i b l e  p o s s i b i l i t y .  

Recharging t h e  primary b a t t e r i e s  f o r  use as a n  emergency 

Four 12 ampere-hour n i cke l  cadmium secondary b a t t e r i e s  w i l l  be connected 
i n  paral le l  t o  provide a capac i ty  of  48 ampere-hours. 
ed t o  t h e  unregulated bus through diodes i n  a manner such that: a f a i l u r e  i n  
one of  t h e  b a t t e r i e s  w i l l  not  load the  bus. The b a t t e r y  vol tage  w i l l  reach 
34.0 v o l t s  when f u l l y  charged, 
maximum b a t t e r y  depth of  discharge w i l l  be approximately 25% and t h e  terminal  
vo l tage  w i l l  vary from 31.5 t o  29.1 v o l t s ,  f i g u r e  94. 

Each b a t t e r y  i s  connect- 

During t h e  dark  po r t ion  of t h e  o r b i t ,  t h e  

Associated with each n i cke l  cadmium b a t t e r y  i s  a charge r egu la to r .  The 
charge regula tor  a d j u s t s  the b a t t e r y  charging c u r r e n t  as a func t ion  of  b a t t e r y  
vol tage  and temperature and prevents excessive gassing wi th in  t h e  cells .  

I n  t h e  p a s t ,  l i n e a r  r egu la to r  c i r c u i t s  have been employed t o  couple t h e  
s o l a r  a r r a y  t o  t h e  ba t t e ry .  Linear c i r c u i t s  r egu la t e  by d i s s i p a t i n g  excess 
energy i n  series o r  shunt elements and are inherent ly  l imi ted  i n  e f f i c i ency ;  
t he re fo re ,  a switching mode regula tor  design w i l l  be  u t i l i z e d  f o r  t he  Primate 
Spacecraf t  charge r egu la to r .  

The switching mode r egu la to r  w i l l  be opt imal ly  con t ro l l ed  based upon 
b a t t e r y  temperature and vol tage  feedback. An extrema1 seeking c o n t r o l  loop 
w i l l  sense the  cur ren t  input  t o  t h e  b a t t e r y  and based upon vol tage  and tempera- 
t u r e  information a d j u s t  t h e  charge cu r ren t  t o  the  maximum al lowable.  This 
type of b a t t e r y  charge c o n t r o l  has  been successfu l ly  mechanized i n  t h e  Surveyor 
spacecraf t  charge r egu la to r .  Under c e r t a i n  condi t ions ,  charge r egu la to r  
e f f i c i e n c i e s  of 98% have been r ea l i zed .  

The input t o  t h e  charge r egu la to r  i s  connected t o  the  s o l a r  panel bus 
through a command con t ro l l ed  re lay .  
t i o n  w i l l  be completely removed from the  bus.  

A f a i l e d  b a t t e r y l b a t t e r y  charger  combina- 
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Figure 94. - Nickel-cadmium battery discharge characteristic 

The Primate Spacecraf t  s o l a r  a r r a y  i s  divided i n t o  f o u r ,  275-watt pane ls  
and one, 100-watt body mounted panel cons i s t ing  of N/P s i l i c o n  c e l l s .  
pane ls  are subdivided i n t o  48 modules each having a n  output of  approximately 
25 w a t t s  a t  55' C .  
ing  diodes and are shunted by zener diodes.  

The 

The modules are connected t o  t h e  panel bus through block- 

The maximum a v a i l a b l e  s o l a r  panel area, cons i s t en t  w i th  deployment and 
stowage c o n s t r a i n t s  i s  approximately 120 square f e e t .  Therefore,  an 11- 
square-foot f i xed  panel i s  mounted on the  bottom sur face  of t h e  spacecraf t .  

P ro tec t ion  c i r c u i t y :  P ro tec t ion  c i r c u i t r y  i s  required t o  obvia te  vol tage  
excursions above o r  below t h e  design l i m i t s  on t h e  unregulated bus. 
e l imina t ion  o r  a t t e n u a t i o n  3f undesirable vol tage  o r  cu r ren t  t r a n s i e n t s  which 
could r e s u l t  i n  unprogrammed cyc l ing  of subsystem funct ions  o r  which could 
damage s e n s i t i v e  components i s  mandatory. 

The 

When re -en ter ing  t h e  s u n l i g h t ,  t h e  s o l a r  a r r a y  experiences a temporary, 

Figure 95 ind ica t e s  that t h e  a r r a y  vol tage  w i l l  exceed 60 
approximately 20-minute increase  i n  vol tage  due t o  t h e  low temperature of 
t h e  s o l a r  cel ls .  
v o l t s  a t  low temperatures. 
condi t ion  w i l l  be approximately 1900 w a t t s .  

The m a x i m u m  power poin t  during t h e  overvoltage 

One approach t o  t h e  problem would be t o  connect t h e  secondary b a t t e r i e s  
d i r e c t l y  t o  the  s o l a r  panel bus through r e l a y s  during the  overvoltage per iod  
thereby accomplishing b a t t e r y  charging and a t t enua t ion  of the s o l a r  a r r a y  
overvoltage.  
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While t h i s  approach e f f e c t i v e l y  reduces t h e  s o l a r  panel area,  it has t h e  
disadvantage o f  being un re l i ab le .  
could r e s u l t  i n  c a t a s t r o p h i c  b a t t e r y  f a i l u r e  due t o  overcharge o r  f a i l u r e  t o  
charge,  and subsequent mission f a i l u r e .  

F a i l u r e  o f  t h e  r e l a y  switching c i r c u i t r y  

A simple, r e l i a b l e  approach used on many satell i tes is t o  place zener 
diodes a c r o s s  the  output o f  t h e  s o l a r  panel modules as shown i n  f i g u r e  96. 
Th i s  provides loading of t h e  panel when i t s  output exceeds t h e  zener vo l tage .  

I f  t h e  zener diodes ac ross  one of  t h e  25 w a t t  modules f a i l  by open c i r -  
c u i t i n g ,  t he  bus vol tage  would remain wi th in  to l e rance  s i n c e  t h e  module would 
be heav i ly  loaded. Should the  zener diodes sho r t  the assoc ia ted  module would 
be e f f e c t i v e l y  removed from the  bus. The blocking diodes prevent shor ted  
zeners o r  shor ted  s o l a r  c e l l  modules from loading the  bus. 

Solar panel 

4 
- 

"ZN = 36' 
-vz  = ... 

2 

Figure 96. - Zener diode overvoltage protection 

Undervoltage p ro tec t ion  c i r c u i t r y  w i l l  be provided t o  prevent t h e  b a t t e r y  
te rmina l  vo l t age  from f a l l i n g  below 24 v o l t s .  The c e l l  vo l tage  of t h e  b a t t e r -  
ies under t h i s  condi t ion  would be approximately 1 v o l t  i nd ica t ing  almost 
complete discharge.  Fur ther  d i scharge  could r e s u l t  i n  c e l l  p o l a r i t y  r eve r sa l  
r e s u l t i n g  i n  permanent damage. 

The undervoltage c i r c u i t r y  w i l l  continuously sense t h e  b a t t e r y  vol t  age 
and disconnect a l l  bu t  e s s e n t i a l  loads from t h e  bus i f  the b a t t e r i e s  reach 
25 v o l t s .  

The p r i m a t e  spacec ra f t  non-essent ia l  loads are fused t o  p ro tec t  t h e  power 
condi t ion ing  devices and power sources from f a u l t s  i n  these  loads.  E f fec t ive  
p ro tec t ion  is r e a l i z e d  only i f  t h e  c a p a b i l i t y  exis ts  t o  blow any fuse  without 
damage occurr ing  i n  the  power subsystem. 

L i t t e l f u s e  p icofuses  are proposed f o r  use i n  the f u s e  box. These fuses  
aye p resen t ly  a v a i l a b l e  i n  r a t i n g s  o f  0.125 t o  5 a .  The cu r ren t  vs t i m e  t o  
blow c h a r a c t e r i s t i c  of t h e s e  fuses  ind ica t e s  t h a t  c u r r e n t s  up t o  35 cimes 
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g r e a t e r  than t h e  fuse  r a t i n g  can be drawn f o r  s h o r t  periods of t i m e ,  f i g u r e  97. 
I n  order  t o  p r o t e c t  t h e  power conditioning devices and r e l a y  con tac t s ,  it i s  
imperative t h a t  c u r r e n t  l imiters be incorporated i n t o  the  power subsystem a t  
v i t a l  l oca t ions .  

The p r i m a t e  spacec ra f t  power subsystem des ign  w i l l  u t i l i z e  c u r r e n t  l i m i -  
ters whose l i m i t i n g  va lues  a s su re  t h a t  t h e  fuses  w i l l  blow i n  the  event of  a 
f a u l t  but a t  t h e  same t i m e  p r o t e c t  t h e  power c a r r y i n g  r e l a y s  and condi t ion ing  
devices.  

Regulators: Redundant buck-boost r egu la to r s  w i l l  be u t i l i z e d  i n  t h e  
p r i m a t e  spacecraf t .  The r egu la to r s  w i l l  be designed t o  have a n  output  o f  28 
vdc +1% over an input  vo l tage  range of 24 t o  36 vdc. The r e g u l a t o r  w i l l  
be r a t e d  a t  110 w a t t s  continuous output and w i l l  maintain the regula ted  bus a t  
28 5 2 mlts with a 150% overload f o r  t e n  seconds. The r e g u l a t o r  w i l l  be 
s h o r t  c i r c u i t  p ro tec ted .  

The automatic r egu la to r  t r a n s f e r  c i r c u i t r y  con ta ins  comparators, de lay  
c i r c u i t r y  and r e l a y  d r i v e r s  which l o g i c a l l y  switch t h e  standby r e g u l a t o r  t o  
t h e  regula ted  bus and t h e  presumed f a i l e d  r egu la to r s  t o  o f f - l i n e .  

A ground command ove r r ide  c i r c u i t  permits manual r egu la to r  switchover i n  
t h e  event t h a t  automatic switchover t o  a previously f a i l e d  r e g u l a t o r  occurs ,  
o r  i f  i n t e r n a l  f a i l u r e  t o  switch problems develop. To minimize t r a n s i e n t s  
during t h e  r egu la to r  t r a n s f e r  t i m e  a make-before-break scheme w i l l  be u t i l i z e d  
and an  energy s to rage  network w i l l  be placed ac ross  the  regulated bus output .  
The sensing c i r c u i t  w i l l  switch r egu la to r s  i f  t h e  regula ted  bus f a l l s  and 
remains o u t s i d e  t h e  l i m i t s  o f  28 k 2 v.d .c .  

Inve r t e r s :  The Primate Spacecraf t  r equ i r e s  t h r e e  types of ac power: 

(1) 35 v o l t ,  2400 Hz, three-phase 20  w a t t s  

(2) 115 v o l t ,  400 Hz, s i n g l e  phase 75 w a t t s  

(3 )  28 v o l t ,  1600 Hz, single-phase 1 w a t t  

The i n v e r t e r s  are conventional,  stepped wave s ta t ic  type i n v e r t e r s .  The 
output waveform i s  cons t ruc ted  by adding t h e  outputs  of  s eve ra l  square-wave 
inve r t e r s .  The i n v e r t e r s  w i l l  be s h o r t  c i r c u i t  p ro tec ted .  

Each type o f  ac power i s  supplied by a redundant i n v e r t e r  p a i r .  The 
a s soc ia t ed  automatic t r a n s f e r  c i r c u i t r y  senses t h e  main i n v e r t e r  ou tputs  and 
switches t o  t h e  standby i n v e r t e r  i n  case of f a i l u r e .  
the automatic t r a n s f e r  c i r c u i t r y  i s  similar t o  t h a t  o f  t h e  r egu la to r  t r a n s f e r  
c i r c u i t .  

The mechanization of 

D i s t r ibu t ion :  The d i s t r i b u t i o n  of  power t o  t h e  using subsystems w i l l  be 
d i r e c t e d  by the  Command and Control Subsystem. 
t o  v i t a l  spacecraf t  func t iona l  elements w i l l  have redundant con tac t s .  
power d i s t r i b u t i o n  r e l a y s  w i l l  be of the l a t ch ing  type. 

All r e l a y s  d i s t r i b u t i n g  power 
The 

Power and low level 
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s igna l s  w i l l  be c a r r i e d  i n  separa te  harnesses  wherever poss ib le .  
harness w i l l  be routed around t h e  periphery of the  pr imate  spacecraf t  with 
smaller harnesses extending r a d i a l l y  t o  t h e  subsystems. 

The primary 

Di s t r ibu t ion  of  power, te lemetry,  instrumentat ion and command and con t ro l  
s i g n a l s  i s  provided by t h e  Pr imate  Spacecraft  cabl ing.  The design philosophy 
w i l l  be  that a s i n g l e  point  ground system be used f o r  the  grounding of a l l  
r e tu rn  paths .  Extensive sh ie ld ing  along with adequate bonding and cable  har-  
nessing techniques w i l l  be used t o  insure  the  suppression of electromagnetic 
in te r fe rence .  

Signal  r e tu rn  paths  w i l l  be routed with t h e  s igna l  cur ren t  pa th  as sh ie ld-  
Non- ed t w h t e d  p a i r s .  

RF sh i e lds  w i l l  be commoned a t  only one end while sh i e lds  of RF cab le s  w i l l  
be  connected t o  chass i s  a t  both ends and r f  coaxia l  cab le  w i l l  be routed as 
c lose ly  as is poss ib le  t o  chass i s  and s t r u c t u r e .  To minimize c r o s s  coupling 
and ground noise  t h e  power r e tu rns  w i l l  be commoned a t  the  power source nega- 

Case ground w i l l  not be used as a s i g n a l  r e t u r n  path. 

t ive  bus which w i l l  be located near t h e  power sources and w i l l  be connected t o  
the  s i n g l e  point  ground. The spacecraf t  frame ground w i l l  incorporate  e l e c t r i -  
c a l  bonding where necessary t o  bridge mechanical d i s c o n t i n u i t i e s  and t o  assure  
t h a t  a l l  cases  w i l l  be a t  near ly  the  same p o t e n t i a l .  

The d i s t r i b u t i o n  of d .c .  and’single phase a . c .  w i l l  be based on a two 
w i r e  system v i a  twisted-shielded pairs.  
d i s t r i b u t e d  v i a  a four w i r e  system. Power and s igna l  cab l ing  w i l l  be routed 
separa te ly  wherever possible .  

The three-phase a . c .  power w i l l  be 

The cabl ing  w i l l  be designed and fabr ica ted  t o  be compatible with t h e  
requirements of t h e  l i f e  support  system with regard t o  contaminants. The 
cabl ing  w i l l  funct ion with a high degree of r e l i a b i l i t y  when exposed t o  the  
environment of near e a r t h  space, e spec ia l ly  temperature, r a d i a t i o n  and p res s -  
ure  extremes. I n  general  t he  wir ing w i l l  be i n  accordance wi th  MIL-W-16878D. 

Pyrotechnic c i r c u i t r y :  
f i g u r e  98, ind ica tes  a pyrotechnic con t ro l  u n i t  PCU, a nickel-cadmium b a t t e r y  
and t h e  pyrotechnic ac tua to r s .  
c e r  and the  pyro f i r i n g  c i r c u i t s .  

The P r i m a t e  Spacecraf t  pyrotechnic block diagram 

Housed wi th in  the  PCU is the  automatic sequen- 

The PCU w i l l  be designed t o  prevent any s i n g l e  o r  common f a i l u r e  mode 
from both arming and commanding a hazardous pyrotechnic event and w i l l  conform 
t o  Range Safe ty  Manual AFETRM 127-1. 

The pr imate  spacecraf t  PCU requi res  two inputs  from t h e  Command Module: 

(1) 

(2) 

Separate  spacecraf t  from rack command. 

Deploy spacecraf t  s o l a r  panel command. 

The spacecraf t  w i l l  be separated from the rack by a c t i v a t i n g  the  explosive 
devices  which a t t a c h  t h e  spacecraf t  t o  t h e  rack.  
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The pr imate  spacecraf t  solar panels  w i l l  be deployed on command from the  
Command Module. 
sequencer which w i l l  deploy the spacecraf t  antennas a t  pre-selected time 
in t e rva l s .  

The deployment of  t h e  s o l a r  a r r a y  w i l l  start a timer and 

A l l  pyrotechnics w i l l  be designed t o  maximize the  containment o f  d e b r i s  
o r  contaminants. 

The Primate Spacecraf t  pyrotechnic wir ing  w i l l  c o n s i s t  o f  Northrop devel-  
oped EM1 shielded cab l ing  which is super ior  t o  s tandard copper b r a i d  sh ie ld ing  
a t  both l o w  and high frequencies .  

EM1 sh i e ld ing  f o r  wir ing and inter-connect ing cables  c o n s i s t s  of two 
. f fe ren t  magnetic materials i n  a b ra id  configurat ion.  
ists  o f  a low permeabi l i ty ,  high s a t u r a t i o n  material, and t h e  inner  b ra id  

The ou te r  b ra id  con- 

Lonsists o f  a high permeabi l i ty  material t h a t  s a t u r a t e s  a t  low levels. As 
indicated i n  f i g u r e  99, t h e  ou te r  b ra id  provides moderate sh i e ld ing  a t  low 
frequencies and good sh ie ld ing  a t  high frequencies .  
o the r  hand, furn ishes  r e l a t i v e l y  l i t t l e  sh ie ld ing  a t  high frequencies ,  but  
provides exce l l en t  sh i e ld ing  a t  low frequencies .  

The inner  b ra id ,  on the  

Figure 99. - Shielding efficiency 
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U s e  of  high permeabi l i ty  sh i e ld ing  (tape,  f o i l ,  b ra id ,  etc.) i s  not new 
i n  sh ie ld ing  from magnetic f i e l d s .  However, t h i s  type o f  sh i e ld ing  becomes 
sa tu ra t ed  i n  a s t rong  magnetic f i e l d ,  a t  bo th  low and high frequencies .  
can r e s u l t  i n  t h e  energy of t he  magnetic f i e l d  passing through t h e  high perme- 
a b i l i t y  sh i e ld ing  materials, s ince  t h e  energy is  g r e a t e r  than t h e  absorp t ion  
and r e f l e c t i o n  loss c a p a b i l i t y  of  the sh ie ld ing  material. The new EM1 sh i e ld -  
ing overcomes t h i s  weakness due t o  the  c a p a b i l i t y  of  t h e  low permeabi l i ty ,  
high s a t u r a t i o n  material t o  provide t h e  necessary p ro tec t ion  t o  t h e  high 
permeabi l i ty  material t h a t  s a t u r a t e s  a t  low i n t e n s i t y  levels. 
sh i e ld ing  reduces high i n t e n s i t y  magnetic f i e l d  propagated noise  t o  a low 
level so  t h a t  t h e  inner  b ra id  sh ie ld ing  can func t ion  a t  peak e f f i c i e n c y ,  thus 
bypassing t h e  i n t e r f e r i n g  magnetic f i e l d  around the  s e n s i t i v e  conductor and 
conducting t h e  balance of t h e  propagated noise  ( e l e c t r i c a l  f i e l d )  t o  ground. 
The end r e s u l t  is a sh ie ld ing  combination that is  effective throughout a 
broad frequency range, 

This  

The ou te r  b ra id  

The prefer red  grounding method f o r  t h e  new EM1 sh ie ld ing  is by t h e  "mul- 
t i p l e  ground point" o r  " s t ruc tu re  return" method. I n t e r f a c e  cables  sh ie lded  
wi th  t h e  new sh ie ld ing  must be terminated a t  both ends and a t  every connector 
t o  the  ground system ( r a t h e r  than a t  one end, o r  car ry ing  the  sh i e ld  through 
t h e  connector).  

Advance development areas, - A l l  elements of the  Primate Spacecraf t  power 
subsystem are wi th in  t h e  s t a t e -o f - the -a r t  c a p a b i l i t y  and no developmental 
programs are required.  

Preliminary equipment l i s t .  - The i n i t i a l  estimate of  equipment requi re -  
ments i s  summarized i n  t a b l e  54. 

At t i tude  Control 

This  s e c t i o n  presents  the a n a l y t i c  design of t h e  mass expulsion At t i t ude  
Control  Subsystem se l ec t ed  fo r  t he  Primate Spacecraf t .  The se l ec t ed  approach 
i s  the  r e s u l t  of an  extensive trade-study ( r e f .  6 ) .  The subsystem is f u r t h e r  
charac te r ized  by the  primary u t i l i z a t i o n  of t h ree  gas bear ing in t eg ra t ing  ra te  
gyros which both e s t a b l i s h  and maintain a three-axis  re ference  as w e l l  as 
de r ive  and provide complete veh ic l e  a t t i t u d e  information. 

The degree of s t a b i l i t y  and a t t i t u d e  con t ro l  which i s  achievable  by any 
spacec ra f t  can be determined, w i th  a high degree of c e r t a i n t y ,  only by con- 
s i d e r i n g  the  e f f e c t s  of p o t e n t i a l  dis turbances.  Consequently, the  na ture  and 
e f f e c t s  of both ex te rna l ly  and i n t e r n a l l y  generated d is turbances  were evalua- 
ted .  

The r e s u l t i n g  subsystem is  capable of s a t i s f y i n g  a l l  of the  mission re- 
quirements and imposed cons t r a in t s  as w e l l  as f a c i l i t a t i n g  the  Apollo docking 
procedure (by means of a maneuvering capab i l i t y )  f o r  such purposes as primate 

r e t r i e v a l .  This  i s  a l l  accomplished with a r e l a t i v e l y  conventional design,  
which because of its inherent  s impl i c i ty ,  should possess high r e l i a b i l i t y .  
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At t i tude  con t ro l  subsystem requirements.  - The requirements placed upon 
the  a t t i t u d e  con t ro l  subsystem o r i g i n a t e  d i r e c t l y  from t h e  mission ob jec t ives  
and i n d i r e c t l y  from other  subsystems such as electric power and thermal con t ro l .  

Addit ional ly  cons t ra in ing  f a c t o r s  a l s o  arise from the  se l ec t ed  o r b i t ,  the  
s i z e  and shape of t he  spacec ra f t ,  and the  na ture  of the  mission, i .e.,  t h e  
experiments . 

These cons idera t ions  have served t o  e s t a b l i s h  the  following a t t i t u d e  
con t ro l  des ign  requirements and cons t ra in ts :  

(1) Requirements 

(a) Life:  One year  design poin t  

(b) Orientat ion:  Sun poin t ing  

(c) A t t i t u d e  accuracy: rt 10 degrees (L.O.S. t o  sun) 

(d) Primate retrieval: F a c i l i t a t e  Apollo docking 

(2) Cons t ra in ts  

(a) Orbi t :  250 n.mi., 28.5 degrees i n c l i n a t i o n  

(b) Experiment: 0.001 g maximum continuous acce le ra t ion  

0.01 g maximum t r a n s i e n t  acce le ra t ion  

ACS shutdown capab i l i t y  

(c) Vehicle mass proper t ies :  Knowledge of t he  vehic le  mass p rope r t i e s  
i s  e s s e n t i a l  t o  t he  design of t he  ACS. 
are d i r e c t l y  r e l a t e d  t o  t h e  moments of i n e r t i a  and t h e  loca t ion  of t h e  
center  of g r a v i t y  of t he  vehic le .  

The r o t a t i o n a l  dynamics of a body 

The composite veh ic l e  and i t s  subsystems were evaluated with regard t o  
t h e i r  mass p rope r t i e s .  Such f a c t o r s  as the  main s t r u c t u r e ,  sub-s t ruc tures ,  
s o l a r  a r ray ,  subsystem loca t ions  and l i f e  support (expendables) equipment 
were evaluated. The r e s u l t s  of t h i s  i nves t iga t ion  are summarized i n  f i g u r e  
100. 

A t t i t u d e  con t ro l  subsystem d e s c r i p t i o n  and performance. - The se l ec t ed  
des ign  of t he  At t i t ude  Control Subsystem i s  e s s e n t i a l l y  t h a t  of a conventional 
bang-bang type wi th  rate gyro damping. 
r e a c t i o n  jet  system, and a dua l  2-axis sun sensor system. The two reac t ion  
je t  systems, each cons i s t ing  of 6 jets,  while  phys ica l ly  independent, normally 
opera te  simultaneously under common con t ro l  au tho r i ty .  The 3-axis  re ference  
system c o n s i s t s  of gas bear ing in t eg ra t ing  rate gyros opera t ing  i n  a t y p i c a l  
strap-down mode t o  supply both a t t i t u d e  p o s i t i o n  and a t t i t u d e  rate information 
i n  p i t c h  and yaw, and j u s t  a t t i t u d e  rate i n  r o l l .  

The design employs a dua l  3-axis 
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The At t i t ude  Control Subsystem may, upon command, be deact ivated and 
reac t iva ted  fo r  accommodating e i t h e r  experiments o r  docking. 
the  capab i l i t y  i s  provided fo r  maneuvering the  spacecraf t  t o  any des i red  
a t t i t u d e .  
shown i n  f igu re  101. 

I n  add i t ion ,  

A block diagram of the  bas i c  At t i tude  Control Subsystem design i s  

Sun sensors: The At t i t ude  Control Subsystem employs a dua l  2-axis sun 
sensor system. The two systems, each cons is t ing  of 4 sensors ,  are so arranged 
on both ends of the spacecraf t  such t h a t  together they encompass a s o l i d  
sphe r i ca l  de t ec t ion  angle.  The sun sensor geometry is depicted i n  f i g u r e  102. 
Their implementation is  devised so t h a t  the  group-of-four coincident  wi th  the  
so l a r  a r r ay  end of the  spacecraf t  generates  a minimum a t t i t u d e  e r r o r  s i g n a l  
while the  group-of-four on t h e  docking s t r u c t u r e  end of t he  spacecraf t  generate  
a maximum a t t i t u d e  e r r o r  s i g n a l  whenever the  r e spec t ive  ends of the  veh ic l e  face 
the  sun. 

I 

The primary funct ion of the  sun sensor system is f o r  acqui r ing  and up-dat- 
ing the  sun reference.  
102, t h a t  the  implemented log ic  w i l l  normally tend t o  o r i e n t  the  s o l a r  a r r ay  
end of the  spacecraf t  towards the  sun. 
s ing  the  above mentioned log ic  such t h a t  the  docking s t r u c t u r e  end of the  
spacecraf t  would tend t o  f ace  t h e  sun, and by adding an appropr ia te  command 
i n t o  the  con t ro l  loop, any des i r ed  a t t i t u d e  between the  two extremes can be 
a t t a ined .  This procedure w i l l  g r e a t l y  f a c i l i t a t e  Apollo docking because the  
spacecraf t  can be or ien ted  t o  an  optimum a t t i t u d e  wi th  r e spec t  t o  the  sun i n  
order  t o  provide good v i s i b i l i t y  and d e f i n i t i o n ,  Once the  sun is acquired, t he  
3-axis gyro re ference  system w i l l  maintain t h e  e s t ab l i shed  re ference  throughout 
t he  o r b i t .  

It can be observed, from the  d iscuss ion  above and f i g u r e  

The c a p a b i l i t y  i s  provided f o r  rever-  

,The sun sensor  mechanical assembly is  completely passive,  incorporat ing no 
moving p a r t s ,  and consequently has  high inherent  r e l i a b i l i t y .  

Gyros: The 3-axis re rerence  system cons i s t s  of t h ree  f loa t ed  rate in t e -  
g ra t ing  gyros which are capable of providing an except iona l ly  h igh- leve l  of 
performance. The rate i n t e g r a t i n g  gyro i s  so named because the  displacement 
of i t s  precession axis (gimbal) is  proport ional  t o  t h e  i n t e g r a l  of t he  angular 
rate input .  However, t h e  precession angle  (gimbal freedom) capab i l i t y  of even 
the  wide-angle gyros of t h i s  type are usua l ly  l imi ted  t o  angles  smaller than 
10 degrees,  by employing sp r ing  s tops .  This i s  done i n  order  t o  reduce gyro 
c ross  coupling e r r o r s .  Therefore ,  whenever an app l i ca t ion  would normally 
r e s u l t  i n  r e l a t i v e l y  l a r g e  gimbal angles ,  something must be done t o  prevent 
bottoming aga ins t  t he  s tops .  The only thing t h a t  can be done is t o  c lose  the  
loop around the  gyro ( e l e c t r i c a l  caging) which i n  t u r n  makes the  gyro output  
propor t iona l  t o  angular rate r a t h e r  than angular pos i t ion .  A t  f i r s t ,  it may 
seem t h a t  t h i s  mode of opera t ion  e l imina tes  the  gyro ' s  usefulness  a5 an 
a t t i t u d e  r e fe rence  source,  bu t  i t  a c t u a l l y  turns  out  t o  be a b le s s ing  i n  
d isguise .  This  mode of opera t ion  is se l ec t ed  because a rate gyro a f fo rds  
much b e t t e r  damping than der ived rate schemes, providing t h a t  the  gyro 's  
threshold i s  below the  des i r ed  l i m i t  cycle  rate. Therein lies the  shor t -  
coming of most t y p i c a l  spr ing r e s t r a ined  rate gyros,  but  a rate in t eg ra t ing  
gyro opera t ing  i n  the  rate mode is capable of much lower input  threshould 
s e n s i t i v i t y ,  wider dynamic range and ,g rea t e r  accuracy than i s  poss ib le  wi th  
the  conventional rate gyro. 
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It i s  s t i l l  necessary,  however, t o  provide f o r  p i t c h  and yaw a t t i t u d e  
p o s i t i o n  information s ince  t h e  sun sensors  are dormant whenever t h e  sun i s  
occulted by the  ea r th .  
i n t o  a pulsed torque rebalance loop. The cage o r  rebalance loop is closed 
through t h e  gyro torquers  by use of d i s c r e t e  incremental  cu r ren t  pu lses  
which are regula ted  i n  both width and amplitude. 
p r e c i s e  incremental angle ,  and the  sum of pulses  requi red  t o  cage t h e  gyro 
(maintain it as i t s  n u l l )  r ep resen t s  t h e  t o t a l  angular e r r o r .  
gram of t h i s  gyro conf igura t ion  i s  shown i n  f i g u r e  103. 

This is  accomplished by modifying the  e l e c t r i c a l  cage 

Each pulse  r ep resen t s  a 

A block d ia -  

A statement of j u s t i f i c a t i o n  i s  i n  order regard ing  t h e  use of gyros on 
a long l i f e  veh ic l e .  
i n t e g r a t i n g  gyros wi th  conventional b a l l  sp in  bear ings  does not  u sua l ly  exceed 
3000 hours, a f a c t  which o f t e n  promotes apprehension regarding t h e i r  long 
t e r m  r e l i a b i l i t y .  The gyros u t i l i z e d  i n  t h i s  des ign  are of t h e  f l o a t e d  rate 
i n t e g r a t i n g  type, bu t  t he  r o t o r  spins  on hydrodynamic gas bearings,  which do 
not r e q u i r e  a supply of pressur ized  gas as opposed t o  the  h y d r o s t a t i c  type 
which does. The g r e a t  inherent  advantage here  i s  t o t a l  absence of wear as 
cont ras ted  wi th  conventional b a l l  bearings which are most o f t e n  t h e  l i m i t i n g  
f a c t o r s  i n  gyro l i f e .  
gyro i s  the  number of starts t o  which i t  i s  subjec ted .  The ope ra t iona l  l i f e  
of t he  gas bear ing f l o a t e d  gyro is f a r  i n  excess of 10,000 hours when the  u n i t  
is  used i n  continuous opera t ion .  

The ope ra t iona l  l i f e  of even t h e  f i n e s t  of f l o a t e d  rate 

. 
The l i m i t i n g  l i f e  f a c t o r  of a hydrodynamic gas bearing 

Control uni t :  The concept of a c o n t r o l  u n i t  i n  a mass expulsion a t t i t u d e  
c o n t r o l  sys t em usua l ly  implies t h e  switching (or t r i gge r ing )  design technique. 

Figure 103. - Gyro configuration (pitch & yaw) 
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Since the  advent of t he  on-of f (bang-bang) a t t i t u d e  c o n t r o l l e r ,  switching 
techniques have evolved which are more sophis t ica ted  than t h e  o r i g i n a l .  They 
genera l ly  a l l  o f f e r  some degree of improvement over the  conventional approach. 
This a t t i t u d e  con t ro l  subsystem design i s  based on t h e  conventional bang-bang 
approach which u t i l i z e s  a Schmitt t r i g g e r  switching c i r c u i t .  Depending on the  
l e v e l  of t h e  input s igna l ,  t he  c i r c u i t  w i l l  r e s i d e  i n  e i t h e r  of two s t a b l e  
states, with t h e  switching a c t i o n  occuring a t  some spec i f i ed  threshold l eve l .  
Thus, the  c i r c u i t  a l s o  func t ions  as an amplitude comparator ind ica t ing  by one 
o r  t h e  o ther  of i t s  s t a b l e  states whether t h e  input  vo l tage  i s  above o r  below 
t h e  threshold.  I f  the  loop ga in  of t h i s  c i r c u i t  i s  g rea t e r  than uni ty  the  
switch d i sp lays  a form of hys t e re s i s ,  switching off  a t  a d i f f e r e n t  vo l tage  
l e v e l  from t h a t  when it i s  switching on. 
f o r  t h i s  appl ica t ion .  
f i g u r e  104. 
occurs a t  &e2 and switch-off a t  k€$. 
t o  t h e  j e t  valve s e l e c t  l og ic  commanding an appropriate  torque. Application 
of t h i s  torque continues u n t i l  a f t e r  t he  t r i g g e r  switches o f f .  

This is a des i r ab le  c h a r a c t e r i s t i c  
The bas i c  c h a r a c t e r i s t i c s  of the  t r i g g e r  are shown i n  

It has  a deadzone of '0, and a per u n i t  h y s t e r e s i s  h. Switch-on 
After switching on, a s igna l  i s  del ivered 

Figure 104. - Switch characteristics 
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Reaction jets: Low t h r u s t  r eac t ion  jets a r e  extremely s u i t a b l e  f o r  satis-  
fying the  spacec ra f t ' s  a t t i t u d e  con t ro l  requirements. Cold gas systems, 
e spec ia l ly  s to red  compressed ni t rogen,  have received the  most ex tens ive  use 
and app l i ca t ion  i n  spacecraf t .  They a r e  very s i m p l e  i n  concept and t h e i r  
p r inc ip l e s  of opera t ion  a r e  s t ra ight-forward i n  theory. Of the  co ld  gases,  
n i t rogen  r e s u l t s  i n  one of the  heavies t  systems; however, i ts  inherent  system 
s impl i c i ty  and r e l i a b i l i t y ,  r e s u l t i n g  from proven s t a t e -o f - the -a r t  techniques 
i n  contamination c o n t r o l  and no-leakage s e a l i n g  methods, make it the  uncontend- 
ed choice f o r  t h i s  appl ica t ion .  
s t r a t e d  the  ope ra t iona l  c a p a b i l i t y  f o r  long dura t ion  space missions.  

Only n i t rogen  co ld  gas systems have demon- 

The se l ec t ed  r eac t ion  je t  conf igura t ion  i s  e s s e n t i a l l y  a dua l  3-axis  pro- 
puls ion system. Twelve je ts  a r e  u t i l i z e d  i n  four  c l u s t e r s ,  each cons i s t ing  
of th ree  j e t s .  There a r e  two propel lan t  tanks,  each of which feed two opposing 
j e t  c l u s t e r s .  This r eac t ion  j e t  geometry is depicted i n  f igu re  105. The two 
j e t  systems, which a r e  phys ica l ly  independent, normally operate  simultaneously 
under common con t ro l  au thor i ty .  One of the  p r i n c i p a l  f ea tu re s  of t h i s  configu- 
r a t i o n  is t h a t  a valve-open s i t u a t i o n  (the worst  conceivable f a i l u r e )  does not 
abor t  the  mission. This is  accomplished by car ry ing  s u f f i c i e n t  propel lan t  i n  
each of the  dual  tanks t o  both maintain con t ro l  and a i d  i n  countering the  open- 
valve f a i l u r e .  I n  addi t ion ,  the  se l ec t ed  conf igura t ion  requi res  a minimum of 
opera t iona l  log ic  complexity, and its cumulative e f f e c t  on o r b i t a l  ve loc i ty  i s  
negl ig ib le .  

A t t i t ude  con t ro l  system performance. - With the  spacecraf t  i n  i t s  designa- 
t e d  o r b i t  and operating, t he  sun sensors  then poin t  the  r o l l  a x i s  a t  the  sun 
i n  the  manner previously described. Ro l l  gyro operat ion i s  required pr imari ly  
to preclude excessive r a d i a l  acce le ra t ions .  This is accomplished by measuring 
r o l l  rate, and i n  conjunction wi th  a rate threshold de tec tor ,  l i m i t s  t hese  
rates to t h e  threshold values .  
sensors  while r a t e  damping about these axes a r e  generated by the  respec t ive  
gyros. Sun lock-on is achieved when the  r o l l  ax i s  ( so l a r  panel end) poin ts  
toward the  sun t o  wi th in  5 10 degrees. 
and a c t i v a t e s  the  a t t i t ude -ho ld  mode. 

P i t ch  and yaw a t t i t u d e  are generated by the  sun 

This terminates  the  acqu i s i t i on  mode 

I n  the  a t t i t ude -ho ld  mode, p i t ch  and yaw a t t i t u d e  and r a t e s  are sensed and 
generated by the  respective gyros working i n  conjunction wi th  " integrat ing" 
c i r c u i t s .  The sun sensors  a r e  ac t ive  i n  t h i s  mode, and t h e i r  so l e  funct ion is 
t o  provide a reference up-date i f  required.  

The At t i tude  Control  Subsystem performance c a p a b i l i t i e s  and spec i f i ca t ions  
a r e  summarfzed i n  t ab le  55. 
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TABLE 55. - ATTITUDE CONTROL SUBSYSTEM PERFORMANCE 
CAPABILITIES AND SPECIFICATIONS 

90 watts (peak),70 w a t t s  
(average) 

150 Pounds (including 
1 (propel lant)  

Control moment: 

Reaction je t  s ize :  

Propel lant :  

Gyros (type) : 

Sun sensors  (FOV): 

Power consumption: 

Tota l  ACS weight: 

At t i tude  hold ( l i m i t  cycle) 

At t i tude  threshold 

Average rate 

Average period 

At t i tude  rate l imited 

Rate threshold 

Average rate 

k4 Pound-feet ( a l l  axes) 

0.5 Pound ( r a d i a l  j e t s ) ;  
0.25 Pound ( t angen t i a l  jets) 

Stored compressed n i t rogen  gas  

Weight of gas 

Weight of gas & b o t t l e s  

S ize  of b o t t l e s  (2) 

Rate in t eg ra t ing  wi th  torque 
rebalance 

Floated gimbals 

Gas sp in  bear ings 

4 TT Steradians 

= +lo degrees 

= k0.002 degrees/secon 

= 5 . 5  hours 

= k0 .2 degrees/  second 

= kO.002 degreeslsecon 

= 40 pounds 

= 60 pounds 

= 10 inches OD 
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L i m i t  cycle  c h a r a c t e r i s t i c s :  The l i m i t  cycle  c h a r a c t e r i s t i c s  a r e  set 
f o r t h  below. 
about i t s  center  of grav i ty  is  represented by the  equation: 

The undisturbed s ingle-ax is  r o t a t i o n a l  motion of the  spacecraf t  

I9 = Mc 

where I i s  the moment of i n e r t i a ,  .. 
8 i s  the  angular acce le ra t ion ,  and 

c M i s  the appl ied c o n t r o l  moment. 

The angular acce le ra t ion  can be wr i t t en  i n  the  form: 

w h e r e a d  is  the  change i n  angular ve loc i ty  
At i s  the  dura t ion  of torque app l i ca t ion  

therefore:  

. MCAt 
AO= - I 

For a symmetrical l i m i t  cycle ,  which y i e lds  the  worst gas consumption, t he  
l i m i t  cycle  rate bLC i s  equal t o  one-half of the  change i n  angular ve loc i ty  
produced a s  a r e s u l t  of torque generat ion.  This equation can then b e  expressed 
i n  t e r m s  of symmetrical l i m i t  cyc le  rate as: 

Mc At  
i, = -  

LC 2 1  

where the  product % A t  r ep resen t s  t he  torque impulse which is equivalent  t o  
the  magnitude of the  generated angular momentum. 
l i m i t  cycle  i s  optimized (minimum l i m i t  cyc le  rates) i f  t h e  dura t ion  of e f f ec -  
t i v e  torque app l i ca t ion  i s  minimized. 
width capab i l i t y  of the  r e a c t i o n  jets taking i n t o  cons idera t ion  both valve 
dynamics and de l ivery  of the  s teady-s ta te  s p e c i f i c  impulse from the  p rope l l an t ,  
Considering these f a c t o r s ,  a conservat ive value f o r  the  e f f e c t i v e  minimum pulse  
width was se l ec t ed  t o  be equivalent  t o  20 mil l iseconds.  Considering the  moment 
of i n e r t i a  c h a r a c t e r i s t i c s  of t h e  vehic le ,  as presented i n  f i g u r e  102, a p l o t  
is presented i n  f i g u r e  106 of t h e  achievable  l i m i t  cyc le  rate as a func t ion  of 
moment of i n e r t i a  f o r  var ious  values  of generated con t ro l  moment. 

The conventional s i g n l e  pulse  

This i m p l i e s  a r e a l i s t i c  minimum pulse  

The torque i m p u l s e , q A t ,  has  been shown t o  be equivalent  t o  t h e  magnitude 
af  t he  generated angular momentum. The magnitude of the  generated angular 
momentum i n  t h e  l i m i t  cyc le  i s  of s ign i f i cance  t o  the s i z i n g  of t h e  system. 
Figure 107 i s  a p l o t  of t h i s  parameter as a funct ion of moment of i n e r t i a  f o r  
var ious  values  of l i m i t  cyc le  rate. 
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A p l o t  of con t ro l  moment as a func t ion  of angular momentum f o r  var ious  
values  of j e t  on-time, t o n  = t ,  is  presented i n  f i g u r e  108. 
con t ro l  moment-lever a r m  about a l l  veh ic l e  a.xes is four  f e e t ,  it i s  poss ib l e  t o  
c ros s  p l o t  t he  required con t ro l  t h r u s t  on t h e  same p l o t .  

Since the  average 

The purpose of s e l e c t i n g  a minimum je t  pulse  width w a s  t o  minimize the  l i m i t  
cyc le  rate,  and the  reason f o r  minimizing the  l i m i t  cyc le  rate is because it i s  
t h e  most c r i t i c a l  parameter i n  determining propel lan t  weight. The amount of 
gas  consumed per  year (GCPY) due t o  l i m i t  cyc le  opera t ion  about t h e  p i t c h  o r  
yaw a x i s  ( i t  w i l l  be shown t h a t  t he  equivalent  r o l l  a x i s  value i s  much lower) 
can be expressed as: 

Where €ILc i s  the  l i m i t  cyc le  angle  ( l i m i t  cyc le  angle  f o r  p i t c h  and yaw; 
no regular  l i m i t  cycle  occurs i n  r o l l )  l i s  the  average con t ro l  moment-lever 
a r m  ( lever  arm changes s l i g h t l y  throughout mission because of s h i f t i n g  c .g . ) ,  
i s p  i s  the  e f f e c t i v e  s p e c i f i c  impulse, t o t a l  impulse p e r  un i t  weight of tank 
and propel lan t .  The l i m i t  cycle  angle  w i l l  be t e n  degrees,  The average cont ro l  
moment-lever arm i s  four  f e e t ,  
t he  operat ing pulse  width range i s  31.4 seconds measured a t  300"Rand 3500 psia .  
Subs t i t u t ing  the  foregoing values  i n t o  t h e  previous equation f o r  the  appropriate  
parameters r e s u l t s  i n  the  following expression f o r  gas  consumption per year:  

The e f f e c t i v e  s p e c i f i c  impulse of n i t rogen  f o r  

GCPY = 0.05 IeLc 

The equation i s  p lo t t ed  i n  f i g u r e  109. 

External disturbances:  The spacecraf t  w i l l  be acted upon by environmental 
forces  r e s u l t i n g  i n  dis turbance torque inputs  t o  the  At t i tude  Control Subsystem. 
The fo rces  of any consequence t o  the  spacecraf t  w i l l  be: 
r ad ia t ion ,  magnetic and gravi ty-gradien t .  
enced by the  spacecraf t  a t  t he  250 nau t i ca l  m i l e  a l t i t u d e  w i l l  be the  aero- 
dynamic torque. Consequently, the  r e s u l t s  of a de t a i l ed  aerodynamic ana lys i s  
a r e  presented. In  es t imat ing the  remaining ex te rna l  torques,  a worst case 
torque due t o  each e f f e c t  is presented. 

aerodynamic, s o l a r  
The most s i g n i f i c a n t  torque exper i -  

S u f f i c i e n t  r e s idua l  atmosphere i s  present  a t  low o r b i t a l  a l t i t u d e s  t o  impose 
s i g n i f i c a n t  aerodynamic torques on a moving spacecraf t .  However, the  e f f e c t s  
encountered a t  o r b i t a l  a l t i t u d e s  d i f f e r  markedly from those normally encountered 
by a i r c r a f t .  F i r s t  of a l l ,  the  flow is  r ad ica l ly  d i f f e r e n t ,  because the  low 
densi ty  causes the  a i r  t o  a c t  more l i k e  a co l l ec t ion  of ind iv idua l  p a r t i c l e s  
than a continuous medium. 
the  o r b i t  f o r  d i s t r i b u t i o n  of the hea t  generated by the  sun. This causes the 
s o l a r  atmospheric hea t ing  t o  vary r a d i c a l l y  wi th  pos i t ion  r e l a t i v e  t o  the  sun 
which i n  tu rn  c r e a t e s  s i zab le  v a r i a t i o n  i n  the dens i ty  of the  l o c a l  atmosphere. 

I n  addi t ion,  there  i s  no appreciable  atmosphere above 

Flows which a r e  c lose ly  approximated by a c o l l e c t i o n  of nonin terac t ing  
p a r t i c l e s  a r e  c a l l e d  Newtonian flows. They can vary from specular  t o  d i f fuse  
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flows. 
t i v e  of o r b i t a l  condi t ions.  
spacecraf t  have been evaluated and are presented i n  f igu re  110. 

The f u l l y  d i f fuse  flow approximation appears t o  be the most representa-  
Diffuse flow l i f t  and drag c o e f f i c i e n t s  f o r  the  

The magnitude of the  aerodynamic force  is  proport ional  t o  the dynamic 
pressure,  which is r e l a t e d  t o  the  o r b i t a l  ve loc i ty  and the  l o c a l  a i r  dens i ty .  
The average value of dyn mic p r e  sure  throughout the  250 n mile o r b i t  has been 
ca lcu la ted  t o  be 2 x lo-' l b d f t  . 2 

The magnitude of the  aerodynamic force is  a l s o  proport ional  t o  the  wetted 
p r o f i l e  area of the  spacecraf t  which i n  tu rn  i s  r e l a t e d  t o  the angle of a t tack ,  
and s i d e s l i p .  
funct ion of angle of a t t a c k  o r  s i d e s l i p .  

Figure 111 presents  the  spacec ra f t ' s  wetted p r o f i l e  a rea  a s  a 

Once the  aerodynamic force is  known, the r e s u l t i n g  torque can be obtained 
i f  one can eva lua te  t h a t  po in t  on the spacecraf t  through which the force  vec tor  
tends t o  act ,  
The center  of pressure locat ion,  which i s  a l s o  a funct ion of angle of a t tack ,  
was evaluated and is depicted i n  f igu re  112 which, f o r  convenience, a l s o  shows 
the  average cen te r  of grav i ty  pos i t ion .  
d i s tance  between the  center  of pressure and cen te r  of grav i ty .  Resolving t h i s  
d i s tance  along the  appropriate  l i f t  and drag d i r ec t ions  produces the e f f e c t i v e  
aerodynamic force- lever  arms a s  a funct ion of angle of a t tack ,  which i s  shown 
i n  f igu re  113. The r e s u l t i n g  aerodynamic torque i s  merely the product of the  
aerodynamic force  and the  e f f e c t i v e  aerodynamic force- lever  arm, and t h i s  
parameter i s  p l o t t e d  i n  f igu re  114 a s  a funct ion of  angle of a t t ack ,  For an 
i n e r t i a l l y  s laved vehic le ,  these torques w i l l  appear t o  vary s inusoida l ly  a t  
the  o r b i t a l  frequency. 

This point  i s  commonly r e f e r r e d  t o  a s  the center  of pressure.  

The aerodynamic force- lever  arm i s  the  

The inc ident  s o l a r  r a d i a t i o n  e x e r t s  a force  on the spacecraf t  which is, i n  
many respec ts ,  analagous t o  the  aerodynamic force.  The dynamic pressure assoc i -  
a t ed  with aerodynamic e f f e c t s  must be replaced by the  corresponding bu t  much 
smaller  s o l a r  pressure.  
from the corresponding aerodynamic c o e f f i c i e n t s  a l ready computed f o r  Newtonian, 
free-molecular,  flows. The s o l a r  force- lever  arms a re  s i g n i f i c a n t l y  smaller  
than the aerodynamic force- lever  arms because of the  s laved sun r i e n t a t i o n  and 
vehic le  symmetry. The r e s u l t i n g  maximum s o l a r  torque, 2 . 6  x lo-' pound-feet is 
s u f f i c i e n t l y  small  t o  the ex ten t  t h a t  i t  may be considered negl ig ib le .  

The s o l a r  l i f t  and drag c o e f f i c i e n t s  vary s l i g h t l y  

Force f i e l d s  of  the e a r t h  a r e  capable of generat ing two s i g n i f i c a n t  torques. 
The f i r s t  t o  be considered is  the  gravi ty-gradient  torque. The magnitude of 
t h i s  torque depends on three  f ac to r s .  It i s  inversely proport ional  t o  the  cube 
of  the  geocentr ic  a l t i t u d e ;  it v a r i e s  with the  veh ic l e ' s  s i z e  and geometry; and 
it va r i e s  wi th  vehic le  o r i en ta t ion .  The maximum gravi ty-gradient  torque exper i -  
enced by the  spacecraf t  v a r i e s  throughout the  mission because of the v a r i a t i o n  
i n  the  s i z e  of the  moments of i n e r t i a  and t h e i r  r e l a t ionsh ip .  This e f f e c t  i s  
shown i n  f igu re  115. It can be shown t h a t  the gravi ty-gradient  torque on an 
i n e r t i a l l y  s laved vehic le  ly ing  i n  the  o r b i t  plane w i l l  average t o  zero over a 
complete orb it. 

The second torque t o  be considered which i s  produced by an e a r t h  force  
f i e l d  i s  magnetic torque. Any r e s idua l  magnetism wi th in  the  spacecraf t  w i l l  
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i n t e r a c t  w i th  the e a r t h ' s  magnetic f i e l d  t o  produce a torque which tends t o  
a l i g n  the  spacec ra f t ' s  magnetic axis with the e a r t h ' s  magnetic f i e l d .  
magnitude and d i r e c t i o n  of t h i s  f i e l d  vary wi th  geocent r ic  a l t i t u d e  and pos i t i on  
of t he  vehic le  over the  ea r th .  Therefore, t he  magnetic torque changes i n  a 
complicated fashion during a s i n g l e  o r b i t ,  as w e l l  as from o r b i t  t o  o r b i t .  

The 

The e a r t h ' s  magnetic f i e l d  can be approximately represented as i f  i t  were 

tes la .  The spacecraf t  can a l s o  
caused by a t i l t e d  d ipo le  loca ted  a t  the  cen te r  of t h e  e a r t h ,  This representa-  
t i o n  r e s u l t s  i n  a f l u x  dens i ty  of 2.85 x 
be represented by a d ipo le  f o r  computing the  magnetic torque. The s t r eng th  of 
t h e  d ipole  and i t s  loca t ion  i s  bes t  determined by measurement, but  can be mini- 
mized by c a r e f u l  a t t e n t i o n  t o  design. I f  no magnetic con t ro l  program i s  imple- 
mented,the "dipoles w i l l  f a l l  where they w i l l , ' '  and a maximum but  r e a l i s t i c  
value can be assumed f o r  purposes of computation. Ce r t a in  l a rge  spacecraf t  
have demonstrated, i n  o r b i t ,  values  of magnetic moment as high as 10 ampere- 
meters . I f  t h e  spacecraf t  i n  quest ion were t o  exh ib i t  a similar magnetic 
moment magnitude, the  r e s u l t i n g  torque would be approximately 2 . 1  x 
f e e t .  This i s  considered t o  be a maximum value,  and i s  presented as such i n  
f i g u r e  115. 

2 
pound- 

A summary of t he  ex te rna l  d i s turbances  considered i n  t h i s  study are pre-  
sented i n  f i g u r e  116. 

I n t e r n a l  dis turbances:  I n t e r n a l  dis turbances o r i g i n a t e  from such f a t t o r s  
a s  r o t a t i n g  machinery, moving s t ruc tu res ,  and p r i m a t e  motion, Rotat ing machin- 
e r y  include the main c i r c u l a t i o n  fan, smaller  fan, pump and feeding mechanism. 
The maximum cumulative torque generated by r o t a t i n g  machinery is  ca lcu la ted  t o  
be equal  t o  2 pound-feet. This torque is  not  continuous and the  e f f e c t  from 
the l a r g e s t  cont r ibu tor ,  t h a t  of the c i r c u l a t i n g  fan, i s  experienced f o r  approx- 
imately 0.5 second a f t e r  s t a r t -up .  

The moving w a l l  would, by i t s e l f ,  e x e r t  a n e t  torque of zero on the  space- 
c r a f t  each t i m e  it cycles .  However, it i s  l i k e l y  t h a t  the  w a l l  w i l l  c a r ry  the  
primate toward the top of  the cage. In  addi t ion ,  the w a l l ' s  motion may be 
somewhat impaired due t o  a c o l l e c t i o n  of deb r i s  on the surface of the cage 
f l o o r ,  The n e t  torque required f o r  the moving wa l l  under these condi t ions i s  
est imated t o  be 0.2 pound-feet ac t ing  f o r  a dura t ion  of 0.5 second, 

The worst  contemplated e f f e c t  t h a t  the  pr imate 's  motion could have on the  
spacec ra f t ' s  motion would r e s u l t  from a un id i r ec t iona l ,  c i r c u l a t i n g  walk. 
Assuming a ra te  of  t r a v e l  of 2 mph, and an acce le ra t ion  t i m e  of 0.5 second, 
the r e s u l t i n g  torque would be approximately 2.5 pound-feet f o r  a dura t ion  of 
0.5 second. 

Of the above mentioned e f f e c t s ,  the continuously r o t a t i n g  machinery 
would produce a continuous gyroscopic torque ( i n  add i t ion  t o  the instantaneous 
torque) on the spacecraf t .  
the  product of the angular momentum of  the machinery and the angular i n e r t i a l  
ve loc i ty  of t h  spacecraf t .  This gyroscopic torque i s  ca lcu la ted  t o  be a 
maximum of lo-' pound-feet. 

The magnitude of t h i s  torque is  proport ional  t o  
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Pi tch  o r  yaw maneuver: The Att i tude Control Subsystem has a maneuvering 
capab i l i t y ,  which may be u t i l i z e d  t o  f a c i l i t a t e  docking, o r  t o  reacquire  the  
sun, i f  ever  necessary. The two important f ac to r s  concerning any designated 
maneuver a r e  the  t i m e  i t  takes  t o  perform the maneuver and the  propel lan t  
expended i n  doing so ;  one f a c t o r  being a funct ion of the other .  I f  there  does 
not  e x i s t  a s t r i n g e n t  t i m e  f a c t o r  f o r  performing the maneuver, any resonable 
maneuver can be accomplished with negl ig ib le  propel lan t  expendature. 
example, a 180 degree p i t c h  o r  yaw maneuver can be accomplished by using two 
s ing le  minimum pulses.  The time t o  perf r m  the  manuever i s  approximately 16.5 
hours and the gas consumption of 2 x lo-' pounds. 

For 

Angular r a t e  l i m i t :  The cons t r a in t  t h a t  the  primates s h a l l  not  experience 
a continuous acce le ra t ion  i n  excess  of 0.001 g p laces  an upper l i m i t  on the  
angular r a t e  of the spacecraf t .  
t h i s  cons t r a in t  is  5.6 degrees/second about any ax is .  The At t i tude  Control. 
Subsystem precludes such an occurrence during normal operat ion by nature  of i ts  
implementation. 

The maximum allowable r a t e  corresponding t o  

Advance development areas:  No s p e c i a l  advanced development is an t i c ipa t ed  
beyond the  present  s t a t e  of  the  a r t  f o r  the se l ec t ed  mechanization. 

Preliminary equipment l i s t :  A preliminary equipment l ist  is  presented i n  
t a b l e  56. Every i t e m  i s  r ead i ly  ava i l ab le  and has  demonstrated opera t iona l  
c a p a b i l i t y  i n  space and defense programs. 

Prepared under Contract  No. NAS 1-6971 by 

NORTHROP SYSTEMS LABORATORIES 
Hawthorne, Ca l i fo rn ia  

f o r  

Langley Research Center 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

December 1, 1967 
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TABLE 56.  - ATTITUDE CONTROL SUBSYSTEM PRELIMINARY 
EQUIPMENT LIST (8000) 

I t e m  No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

. 16 

270 

Descript ion 

TARS package 

Sun sensors  

Gyro s i g n a l  amps 

Sun sensor  amps 

S igna l  condi t ioner:  

Valve d r i v e r  amps 

Schmi t t Triggers  

Reaction j e t s  
(Nozzles) 

Solenoid valves  

Charging valves 

Rel ie f  valves 

Squib valves 

F i  1 t e r s  

Regulators 

Pressure reducers 

Storage tanks wi th  
n i t rogen  gas 

S ugg e s t ed 
Manu f ac t u  re r 

Nortronics;  Honeywell 
o r  Kearfot t  

TRW o r  Adcole 

Nort ronic  s 

Nor tr onics  

Nor tr  onics  

Nortronics  

Nor t r o n i c  s 

Kidde 

Kidde 

Kidde 

Kidde 

Kidde 

Kidde 

Kidde 

Kidde 

Kidde 

P a r t  No. Quant i ty  pe 
Spacecraf t  

2 

3 

6 

3 

12 

12 

2 

2 

2 

2 

2 

2 

2 
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APPENDIX A 

PRIMATE SPACECRAFT BASIC DIMENSIONS 

The bas i c  dimensions and d e f i n i t i o n s  shown on the  following pages s h a l l  be 
used f o r  t he  Baseline Spacecraft  design. 
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dimensions are for 
reference only) 

+i 

Rev is  ion 7-30-67 
@ 16.125 was 19.25 

19.000 was 16.50 
ATM rack details per MSFC dwg: SK30-3812 8.063 was 9.625 
DTD 2-15-67 (NAS 8-20073) 9.500 was 8.25 

+Y 

Figure A2. - Basic dimensions of primate spacecraft 
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VOL III 

Z 7 -38.500 
i 

z = +38.500 

X = 4.500 (ref) 
Y = +65.000 
Z = -27.030 

X = 38.00- 

X = 5.500 
X = 4.500 

- 

Z = 6i.906 

Figure A4. - Primate S/C to ATM attach point geometry 
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+Y Revision 7-30-67 0 Revised rib geometry 
to conform to recovery 
capsule interface 

@ Added column identification 

I 
Figure A5. - Geometry: upper bulkhead beams and vertical columns. Lower bulkhead 

has uniform pattern similar to +y - +Z quadrant primate spacecraft 1 
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Revision 7/30/67 
1 . Z=-11 .OO was Z= -12.25 
2. Added Z= -36.625 

mouthpiece feeder I 

Figure A6. - Primate spacecraft cage geometry - 
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APPENDIX B 

REACTION EQUATIONS 

Reaction Equations f o r  t he  Baseline Spacecraf t  a t t a c h  poin ts  are g iven  
i n  t a b l e  B 1. The following d e f i n i t i o n s  apply: 

R = Reaction 

A = Attach poin t  i n  -y, +z quadrant 

B = Attach poin t  i n  +y, +z quadrant 

C = Attach po in t  i n  +y, - z  quadrant 

D = Attach poin t  i n  -y, - z  quadrant 

x = Launch a x i s ;  ver t ical  a t  l i f t - o f f  ( r o l l  axis) 

y = Lateral  axis, (p i tch)  

z = Lateral a x i s ,  (yaw) 

v = Load f a c t o r  i n  g ' s  

W = Spacecraf t  weight (= 5000 pounds f o r  base l ine  loads) 

8 = Displacement of la teral  load f a c t o r  i n  the  y - z plane and measured 
clockwise from the +z axis 

Q = Subscr ip t ,  l a te ra l  

Lateral  load f a c t o r  i s  resolved t o  y and z coord ina tes  as follows: 
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APENDIX C 

ORBIT TRANSFER LOADS 

Loads are induced i n t o  the  Primate Spacecraf t  through the  docking c o l l a r  
by the  Apollo Command Serv ice  Module during Spacecraf t  Propulsion System 
f i r i n g  f o r  t r a n s f e r  from the  parking t o  the opera t iona l  o r b i t .  
c r a f t  Propulsion System engine provides 21,900 pounds of t h r u s t  and has a 
maximum gimbal angle  of about 8.5". 
s teady-s ta te  values  of t h i s  t h r u s t  t o  provide l i m i t  loads f o r  the  preliminary 
s t r e s s  ana lys i s .  Vehicle system elements are described i n  t a b l e  C-LA 
(Proper t ies  of Vehicle System Elements) and t a b l e  C-1B (Analyt ical  Model 
Geometry). 
8000 pounds, wi th  a base l ine  design poin t  f o r  s t r u c t u r a l  loads being taken 
a s  5000 pounds. 
examining the  following fou r  cases :  

The Space- 

The following ana lys i s  i s  based on 

The Primate Spacecraf t  weight was assumed t o  range from 4000 t o  

Moments, and Axial and L a t e r a l  loads were derived by 

(1) 
(2) 
(3) 
( 4 )  

CSM i n i t i a l  weight, Gimbal angle  = 0" 
CSM f i n a l  weight, Gimbal angle = 0' 
CSM i n i t i a l  weight, Gimbal angle  = 8.5" 
CSM f i n a l  weight, Gimbal angle = 8.5' 

TABLE C 1 .  - PROPERTIES OF VEHICLE SYSTEM ELEMENTS 

Element 

C SM 

CSM 

C SM 

SIVB + I U  

ATM Rack 

SLA 

Weight (Lb) 

21500 

23100 

25117 

29030 

2200 

3990 

I, = Iy ( s l u g - f t  2 ) 

34000* 

Remarks , 

With 1600 l b  of 
r e s  idua 1s 

With 1600 l b  of  
r e s idua l s  plus  2017 
l b  of o r b i t  t r a n s f e r  
f u e l  

With r e s idua l s  

--- 
* Approximations based on homogeneous body increments. 
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TABLE C 2 .  - ANALYTICAL MODEL GEOMETRY 

- 34 tnches dia 

Location 
With 1600 l b  res iduals  With 1600 lb res iduals  

Center of  Gravity 

p lus  2017 l b  of maneuvering 
f u e l  

xc  s m  12.78 12.1 
. 

XC 

5. I 

15; 92 

5.5 

15.15 

Acceleration of  the spacecraft complex, a,, i s :  

a, = F / m  = Fg/(Wcsm 4- Wp> 

Acceleration of  the Primate Spacecraft is: 
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Combining (1) and (2) : 

pg Fg 

W P "csm + ' p )  
- =  

and so lv ing  f o r  P: 

F W  
p =P 

('csm + ' p )  
Subst i tut ing  appropriate values i n  (3) 

21900) (5000) = 3630 lb 
(25117 + 5000) P = (  

Accelerat ion of the spacecraft  complex [from ( C l )  ] : 
a = 21900 = o,729 

c -  30117 

Case 2. CSM f i n a l  weight, Gimbal angle = 0' 

From (C3), Case 1: 

21900) (5000) 
(23100 + 5000) P = (  

Accelerat ion o f  the 

Case 3. CSM i n i t i a l  weight,  

= 3900 l b  

spacecraft [from (cl)] : 

Gimbal angle = 8.5' (Hard over engine) 

F = 21901) cos 8.5' = 21700 l b  
X 

F = 21900 s i n  8.5' = 3240 l b  
Y 
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The loads are computed as follows: 

(a) Find n e t  l i n e a r  a c c e l e r a t i o n  a t  "0" = an 

a = a + a  
n Y 

(3240)  (32.2) - 104200 
+ W  

- 
F 

a=-= w + w  csm p wcsm p + w  'csm p 

where I 

i n e r t i a  of t h e  CSM/PSC. I is assumed equal t o  I 

is the  p i t c h  (y axis) o r  yaw (z axis)  moment of 
cg 

cgY cgz 

S u b s t i t u t i n g  (C8) and (C9) i n  (C7) and tak ing  P Y as t h e  p o s i t i v e  
d i r e c t  fon : 

x and I a r e  defined as follows: 
C cg 

.csm p 

2 2 %  ( C W  (xC - x ) + 0 . 3 2 9  W + ( 3 0 . 5  - xC) c sm W 
Icg Icsm + - g c s m  P g 

The cons tan t  0.329 i n  the  t h i r d  term i s  derived as follows: 
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1. Assumptions 

a. Homogeneous r i g h t  c i r c u l a r  cy l inder :  

W = weight of Primate Spacecraf t  

Note: cg pos i t i on  i s  assumed f ixed 
wi th in  the  model weight 
range of 4000 t o  8000 
pounds 

P 

2. I about A-A 
cg 

2 2 127 W W 

(3r2 + h2) = 6) (3.3 + 10 ) = (32.2) (12) cg 12 
m 1 = -  

2 = 0.329 W s lug  f t  

3. Check: 

P e r  A t t i t ude  Control Trade Study: 

W = 4057.2 

I = I = 1390 s l u g - f t  ( s o l a r  panels extended) 2 
X Y  

2 
= 1300 t o  1350 s l u g - f t  ( s o l a r  pane-1s folded) 

c.g. @ 66.0 inches from docking i n t e r f a c e ;  5.5 f e e t  

From Model 

Chk @ W = 4057.2 - 
2 = I = (0.329) (4057.2) = 1334 s l u g - f t  ( s o l a r  panels 

Chk IX folded) - 
cg @ 5.5 f t  from docking i n t e r f a c e  Chk - 

Making the  appropr ia te  s u b s t i t u t i o n  i n  ( C 1 1 )  and (C12) : 

25117) (12.1) + (5000) (30.5) 304000 + 152500 
(25117 + 5000) 30117 

- x = (  
C 

- - 456500 = 15.15 f t  
30117 
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2 
I = 38000 + (25flZ1 (15.15 - 12.1) + (0.329)(5000) 

cg (32.2) 

2 5000 
32.2 + (30.5 - 15.15) - = 38000 + 7256 + 1645 + 36600 

2 
= 83501 s l u g - f t  

Insert ing  these  values  i n  equation ((210) : 

30.5 - 15.15) (3240) (15.15) - 104200 = 9-03 - 3.46 
83501 30117 a = (  n 

2 = 5.57 f t lsec 

W 
Then p = a = - 5000 (5.57) = 865 

y g n 32.2 

(5.57) (5.5) + (1645) (3240) (15.15) 
83488 

= 4760 + 967 = 5727 l b - f t  

or ,  i n  lb-inches;(5727) (12) = 68700 lb-inches 

The component of Px due t o  the moment 

= 68700 = 2020 - = Px 
m 34.0 

X 
+ P  

m px = pxp X 

Then, from ((213) Px = 3600 + 2020 = 5620 l b  

Summary, Case 3: Px = 5620 l b  

P = 865 l b  

M = 68700 l b - i n  

Y 
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Case 4. CSM f i n a l  weight, Gimbal angle 8.5’ (Hard over engine) 

F X = 21700 lb  

F = 3240 l b  

[from ( ~ 5 ) )  

[from (C6)] 

x = 15.92 [from t a b l e  (C2) 

X = 12.78 [from t a b l e  (C2) 

From (612): 

Y 

1 
1 

C 

csm 

2 I = 3400 + - 23100 (15.92 - 12.78) x (0.329)(5000) cg 32.2 

+ (30.5 - 15.92) - 5000 = 34000 + 7070 + 1645 + 33000 
32.2 

2 = 75715 s l u g - f t  

From (610) : 

104200 = 9.93 - 3.71 
- (30.5 - 15.92)(3240)(15.92) 

757 15 28 100 
a -  n 

2 = 6.22 f t / s e c  

Then: 

= 6431 lb-ft 

or, i n  lb- in;  (6431)(12) = I 200 lb - in  

From ((23) 

P = 77200 = 2270 l b  
34 X 

m 

= 6130 l b  
m + px “F 

Px = P 

X 
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Summary, Case 4: 

Px = 6130 l b  

P = 966 l b  
Y 

M =i 77200 Ib- in  

Discuss ion  

A s  one would i n t u i t i v e l y  expect,  t he  maximum loads  during o r b i t  t r a n s f e r  
OR t he  docking c o l l a r  of the  Primate Spacecraf t  occur wi th  a hard-over 
engine a t  t he  end of  t he  Spacecraf t  Propuls ion System burn. These loads are 
compared i n  t a b l e  C3 wi th  the  loads imposed during docking and those 
experienced by the  Lunar Module 

TABLE C3. - COMPARISON OF PRIMATE 
SPACECRAFT DOCKING LOADS 

I Load 

Magn 

Doc king 

- 2200 

- 2600 

L i m i t  load 

- 35000 

:ude & event 

0 rb i t t r a n s f e r  

6130 

966 

7 7 200 
b 

See f i g u r e  32, Requirements Sec t ion  of 
S t r u c t u r e  and Mechanical System Sect ion 
f o r  pre-separat ion pressure loads 

I 
Lunar module 

Loads increase  wi th  
increas ing  weight of docked 
payload : 

I LEM - -  25000 - 
Primate S I C  5000 

See f i g u r e s  C l  and C2 f o r  ! 
t rends  and NAA/GAEC I n t e r -  
f ace  Control. Document ICD . 

MHO1-05050-414, 4/4/66 f a r  
d e t a i l e d  loads summary 

The s teady-s ta te  acce le ra t ions  imposed on t h e  spacecraf t  are low (less 
than  0 . 8 g ) ,  and are not  c r i t i c a l  to  t h e  design. 
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7 
( I  b-inches) 

I I 
CSM weight = 25,117 Ib 

3000 4000 5000 6000 7000 8000 9000 

Primate spacecraft weight (Ib) 

Figure C1. - Moment of inertia and docking collar moment trends 
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APPENDIX D 

TRANSDUCER COMPARISON ANALYSIS 
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TABLE D2. - TRANSDUCER COMPARISON SUMMARY - TEMPERATURE SENSOR 

Type t ransducer  Temperature sensor 

tern 

1. 
2. 

3. 
4. 
5. 
6 .  
7. 
8. 
9. 

10 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25 
26. 
27 
28. 

29 2 

Comparison MFdg 
parameter mode 1 

Transducer range 
Parameter sensed 

Output vol tage 
Output impendance 
Min ex te rna l  load 
Output s e n s i t i v i t y  
Response t i m e  
Static/dynamic e r r o r  
Hys ter is e r r o r  
Input  vol tage 
Input impedance 
Max input  power 
Max overload c a p a b i l i t y  
Output r e so lu t ion  
Output no ise / regula t ion  
Operating temp range 
Operating v i b r a t i o n  

Max shock 
Max acce le ra t ion  
Pres  sur  e requirements 
Ca l ib ra t ion  requirements 
Estimated l i f e  - hours 
Temperature c o e f f i c i e n t  
Weight 
S ize ,  LXWXH 
Unit cos t  
Space q u a l i f i e d  
In t eg ra t ed  transducer 

Microsystems 

type 2002-0034-1 
@OS 1 

-50'F t o  +150°F 
coolent  ,+70 t o  +12OoF 

0 - 5 vdc k 1% 
*loo ohms 
25K ohms min 

*I.O sec  
*.2% FS 
rL: 1.0% 
28 k 4 vdc 

q.50 ma 
3000 p s i  
continuous 
10 mv, OV 
-100' t o  250°F 
25G, 10-2K CPS 

60G - 10 msec 
506 - a l l  axis 
sealed 
ex t erna 1 
NA 

7 0 2  

$952.00 
Under qual .  test 
Yes, SC + VC 

CEC 
type 4-550-001 

0 t o  +2OO0F 
coolent ,  +70 t o  
120'F 
0 t o  40 mv 
500 k25 ohms 

4 mv/v 
250 msec 
+O.l% FS. 
+.25% FS 
10 vdc 
500 + 25 ohms 
10 ma 
3000 p s i  
continuous 

- lOOF t o  +500'F 

CPS 

1006, 5 t o  1000 

i n t e r  na 1- pin  
NA 

6 oz 
4.25 x .687 oz 

No 
N o  i n t e g  . br  idg 

$475.00 
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TABLE D?. - TRANSDUCER COMPARISON SUMARY - EVENTS, SWITcEfES 
AND VOLTAGE SENSORS 

Type t ransducer  

Item 

1. 
2. 
3. 
4, 
5 .  
6. 
7. 

9 .  
10 * 

11. 
12. 
13 . 
14. 
15 . 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

- 

a. 

- 

Comparfson 
parameter mode 1 

Transducer range 
Parameter sensed 
Output vo l tage  
Output Lmpedance 
Min e x t e r n a l  load 
Out put  s ens it tv it y 
Response t i m e  
Static/dynamic e r r o r  
Hys te r i s  e r r o r  
Input v o l t  age 

Input impedance 
Max input power 
Max over load capab i1 i t y  
Output r e so lu t ion  
Output no ise / regula t ion  
Operating temp range 
Operating v i b r a t i o n  
Max shock 
Max acce le ra t ion  
Pressure requirements 
Ca l ib ra t ion  requirements 
Estimated l i f e  - hours 
Temperature c o e f f i c i e n t  
Weight 
Size,  LXWXH 
Unit cos t  
Space q u a l i f i e d  
In tegra ted  t ransducer  

Microswftch 
(honeywe 11) 
2HS 

SPDT 
Event c losu re  
5 vdc 

1 amp 

2 m s e c  

1 ohm 

--- 
--- --- 

5 vdc 

1 ohm 
Oper.  Force-7 oz ma1 --- 

--- --- 

Sealed 
None 
NA 

.42 oz 
1.79" x .25" x 1.18" 

No 

--- 

$11.00 

N O  - SPDT HS 

Bourn6 
3910 

DPDT 
Event c losu re  
5 vdc: 
.2 ohms 
1 amp 

10 msec 
rt5% * 1% 
-24 t o  t6 vdc, +6 t o  
+12 vdc, +12 to 100 vdc 
2000 r / v  
Trigger  over L = 400% 

- 
--- 

Trigger  dropout = -4% 
Supply Voltage = 20-30\ 

20G 10 t o  2Kcps 
75G - 11 msec 
75G - a l l  a x i s  
Sealed 
None 
1OOK cyc les  

1 .0  oz  
1.0 x 1.0 x .51 
$77.00 
No 

-55 t o  +105OC 

--- 

NO - DPDT 
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